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PREFACE 
As the population on this congested planet continues to expand, 
the demand for nutritive and wholesome food is on the increase. The 
recent awakening to the importance of nutrition as well as the steep 
rise in food prices have focused attention on finding foods that are 
high in nutritive value at reasonable cost. The brassicaceous vege-
tables in the cruciferae family comprise one such potential group. 
From an economical as well as a nutritional standpoint, Brassica 
vegetables have important potential to both growers and consumers. 
Several surveys (Einstein and Hornstein, 1970; Kamen et al., 1963) 
have, however, indicated that these vegetables lack appeal for the 
consumer especially when processed for in.stitutional menus. The main 
objection to Brassica vegetables was the strong sulfur odor. Mushy 
texture and discoloration resutting from prolonged institutional 
preparation methods were additional reasons for their meager consump-
tion. 
Blanching is the most critical step in the processing procedure. 
It prevents undesirable changes in color and flavor during storage of 
the vegetable, and decreases microbial populations which would cause 
further quality deterioration. It also causes losses of nutrients, 
flavor, and texture during the treatment itself. The ideal processing 
conditions for the retention of different nutrients are incongruent. 
To strike a balance between the desirable and undesirable effects of 
the treatments is one of the major concerns of this research. 
Different aspects of the investigations have been categorically 
treated in four parts. 
Part I examines the effects of type of blanching process, 
presence of chemical, and duration of process on the quality of 
cabbage, and then analyzes the effects of long-term storage. 
Part II deals with flavor improvement through the synergism of 
flavor potentiators and also through the addition of enzymes of 
fresh cabbage to the processed samples. 
Part III reports the effects of processing on the proteins in 
cabbage. 
Part IV tests the hypothesis that the frequent ingestion of 
cabbage modifies the risk of cancer which would normally be induced 
by the carcinogen, l ,2-dimethylhydrazine. 
This dissertation concludes with comments interrelating the 
major findings of the investigations and indicating directions for 
future work. 
iv 
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ABSTRACT 
Investigations on Improvement of Acceptability and Evaluation 
of the Nutritive Value of Processed Cabbage and 
its Effects on the Tumorigenicity in ~~ice 
by 
Chareonsri Srisangnam, Doctor of Philosophy 
Utah State University, 1979 
Major Professor: Dr. D. K. Salunkhe 
Department: Nutrition and Food Sciences 
xiii 
The objectives of this investigation have been to study the 
acceptability and nutritive value of processed cabbage and to eluci-
date the effects of chronic administration of cabbage on the activity 
of a colon tumorigen, 1,2-dimethylhydrazine (DMH). The organoleptic 
unacceptability of cabbage in spite of its high nutritional and 
economic values governed the choice of this cruciferous vegetable 
for this work. 
Cabbage samples were blanched with steam, chemical solutions, 
and microwaves. Microwave blanching led to a "burnt spot" effect 
and to a relatively greater loss in weight of the vegetable. Blanch-
ing in solution involved boiling of cabbage with a chemical solution 
(or water) for 3 minutes. In steam blanching, cabbage was vacuum im-
pregnated in a chemical solution for 5 minutes under 25 inches vacuum 
and then exposed to steam for 3 minutes. Blanching (without chemical 
treatment) was achieved within 3 minutes as judged by the inactiva-
tion of peroxidase. Among solution- and steam-blanched (without 
xiv 
chemical treatment) products, the former had better organoleptic 
qualities, whereas the latter had higher ascorbic acid retention. 
Cabbage blanched in the presence of 0.5 percent malic acid, 0.05 
percent NaHC03, and 1.2 percent NaCl was preferred for texture, color, 
and firmness, respectively. The results from chemical (vitamin C 
and chlorophyll contents), physical (firmness), and sensory evalua-
tions of processed and stored cabbage (at -l9°C up to 24 months) 
indicate blanching in the presence of 1.2 percent NaCl solution to 
be the most generally preferred treatment. 
Improvement of flavor of processed cabbage was attained by the 
addition of a mixture of flavor enhancers during processing and by 
incorporation of enzymes from fresh cabbage to processed cabbage 
prior to serving. The mixture consisted of monosodium glutamate, 
51 -inosinate, and 51 -guanylate in the proportions of 95:2.5:2 . 5, 
respectively. The selective use of vacuum impregnation and blanching 
in conjunction with the optimum concentrations of CaC1 2, NaHC03, 
flavor enhancers, and NaCl was defined for both solution and steam 
blanching. Such solution and steam blanched products contained 22 
percent and 19 percent less ascorbic acid, respectively, than 
their pre-blanched level at the end of one year of storage (at -l9°C). 
The addition of cabbage myrosinase to rehydrated freeze-dried product 
improved 11 Cabbage flavor strength 11 ; acceptability of the product, 
however, remained lower than for fresh vegetables. 
Cabbage contained 35 to 42 mg percent ascorbic acid, 1.04 per-
cent crude protein, 4.91 mg percent glucosinolate as n-butylisothio-
cyanate, 6.4 mg percent glucosinolate as 3-indolylmethylisothio-
cyanate, and 93 percent water. 
Glutamic acid accounted for about 30 percent of the recovered 
amino acids. In vitro availability of amino acids as determined by 
a pepsin-pancreatin enzyme system indicated that the predicted bio-
logical value and chemical score for the available amino acids were 
decreased after blanching. Polyacrylamide gel electrophoretic 
patterns for proteins in solution and steam blanched products were 
similar. 
Diets containing 0, 10, 20, and 40 percent dehydrated cabbage 
were fed to weanling male C 57 BL/6 mice for 9 months. The animals 
were subcutaneously injected with 20 mg of DMH per kg body weight at 
weekly intervals for 36 weeks. Tissues such as liver, spermatic 
cord, kidney, and anal skin were examined for tumor growth. Diets 
containing 10 and 20 percent cabbage enhanced DMH tumorigenicity, 
while cabbage at the 40 percent level provided a protective effect. 
Tumor occurrence was proportional to the activities of hexobarbital 
oxidase, hepatic p-nitroanisole-0-demethylase, and hepatic cytochrome 
P-450 content. Tumors on the spermatic cord were the most pre-
dominant, with occasional occurrence of kidney and liver tumors. 
(130 pages) 
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PART I 
EFFECTS OF BLANCHING, FREEZING, AND FREEZE DEHYDRATION 
ON THE ACCEPTABIL ITY AND NUTRIENT RETENTIONS OF 
CABBAGE (BRASSICA OLERACEA L.) 
INTRODUCTION 
The processing of vegetables and holding them at optimum levels 
of nutritive value and palatability is a difficult task. The variety 
of problems associated with vegetable processing includes losses of 
color, flavor, texture, and nutrients. Marked differences in rate 
and extent of loss for each one of these attributes at any given 
condition make the problem formidable. Hence, a processor often has 
to make a compromise in selecting the operating conditions. 
This part examines various means of processing cabbage; evalu-
ates the processed product in terms of its sensory quality, firmness 
(shear value), chlorophyll content, and vitamin C retention; and 
ascertains, thereby, the merits of the various processes, chemicals 
and concentrations, and processing times . . Blanching is focused on 
in this part as the most critical process of the experiment, as it 
prevents undesirable changes in color and flavor during storage of 
vegetable products (Lee, 1958) and decreases microbial populations 
(Robertson, 1945). Three different procedures were employed in the 
blanching experiment: blanching in solutions, steam blanching, and 
microwave oven blanching. The processing treatment for each in-
cluded blanching, freezing, and freeze-dehydration. The effects of 
2-year storage of cabbage at -l9 °C are also reported in this part. 
2 
3 
EXPERIMENTAL METHODS 
Cabbage Samples 
Danish Ballhead cabbage was purchased from a local retail store. 
Samples were collected for uniformity. The vegetable was washed, 
trimmed, cored, and quartered. Each quarter was cut into pieces 2 
inches wide (Wellington and Tressler, 1938), separated into individual 
pieces, and mixed. The vegetable samples were held in the refriger-
ator overnight, and samples were taken for blanching and subsequent 
analyses. 
Blanching Time, Temperature, and Microwave 
Setting Determinations 
Blanching time, temperature, and microwave setting were pre-
determined by testing for peroxidase activity (Morris, 1958a). See 
Tables 1 and 2. The peroxidase test paper (Morris, 1958b, 1958c) was 
pressed firmly against a freshly cut surface of a piece of blanched 
vegetable. Blanching was determined to be adequate when the sample 
required more than one minute to develop a blue color (Morris, 1958c). 
Blanching in Solutions 
Cabbage samples (1 kg) were blanched for 3 minutes, one in each 
of the following boiling solutions: (a) tap water, (b) EDTA 
(0.025 percent), (c) malic acid (0.5 percent) + CaC1 2 (0. 1 percent), 
(d) NaCl (1.2 percent) + CaC1 2 (0. 1 percent), and (e) NaHC0 3 (0.05 
Table 1. Effects of blanching on peroxidase activity and shear value 
of cabbage samples 
Blanching Temperature Time 
method (oc) (min. ) 
Water 80 20 
85 15 
90 10 
93 8 
96 3 
Steam 96 3 
aPeroxidase activity: + present, 0 absent. 
Enzyme 
activity 
+ 
0 
0 
0 
0 
0 
Shear value 
lb/in2;so g 
437 ± 20. 1 
412 ± 17.8 
380 ± 25.2 
310 ± 38.7 
389 ± 43.0 
4 
Table 2. Effects of blanching in a microwave oven on the inactivation 
of peroxidase. 
Blanching selectiona 
(watts) 
371.88 
328.12 
113.75 
96.25 
96.25 
Time 
(min.) 
8.0 
8.0 
14.0 
14 . 0 
15.0 
Enzyme 
activityb 
+ 
0 
0 
+ 
0 
alitton microwave oven. Temperatures of different settings on this 
microwave were measured under the standard conditions (Anonymous, 
bl970). 
Scale for enzyme activity: ++++ intensive peroxidase activity 
0 no peroxidase activity. 
percent)+ CaC1 2 (0. 1 percent). Each blanching solution (8 liters), 
just enough to cover the vegetable, was brought to boiling in a stain-
less steel steam jacketed kettle (16 inch diameter x 14 inch depth). 
Cabbage samples were added to each boiling solution and the tempera-
ture was immediately brought back to boiling. Following blanching, 
the samples were either immediately cooled in cold water (6 °C) for 
1 minute and prepared for storage as frozen samples, or were imme-
diately cooled in 0.1 percent NaHS03 and prepared for freeze-
dehydration storage (Figure 1). 
Steam Blanching 
An experimental steam blancher was designed and constructed in 
our laboratory specifically for this research. The experimental 
steam blancher (Figure 2) consisted of three parts: (a) the lower 
chamber containing steam outlet pipes and the drainage system 
(Figure 3), (b) the blanching chamber, formed with a holding tray 
having a screen mesh bottom and a top lid (Figure 4), and (c) the 
cold water sprayer (Figure 5). Steam was ejected from tiny holes on 
both sides of each steam outlet pipe (one-half inch in diameter) . 
During blanching, the lower chamber and the holding tray form a 
closed system with the lid in place and the drainage holes closed. 
Steam with 25 psi pressure in the supply line can saturate the blanch-
ing chamber within a few seconds. When the required blanching time 
is reached, the lid is replaced immediately by the cold water sprayer 
tap. 
The cabbage samples were prepared for steam blanching, being 
vacuum impregnated for 5 minutes at 25 in vacuum with 3.6 liters of 
5 
Vacuum 
impregnation 
with solution 
Figure 1. Fl.ow-sheet showing the processing operations used to prepare frozen and freeze-dehydrated 
cabbage. 
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0 
one of the chemical solutions used in the previous blanching pro-
cedure. Each vegetable sample was then placed in a single layer and 
steam blanched for 3 minutes in the experimental blancher. The 
samples were then immediately cooled by the cold water sprayer. As 
in the solution blanching procedure, samples for freeze-dehydration 
were immersed in a 0.1 percent NaHS03 solution before freezing. 
Microwave Blanching 
Cabbage samples (250 g) were thoroughly sprayed with 15 ml of 
water, which was equivalent to the water clinging on the vegetables 
after washing. Then each sample was blanched by microwave (Litton 
Microwave, Model 416 FCC, Minneapolis, Minnesota) in a covered Pyrex 
tray, with the energy setting at 96.25 watts for 15 minutes. Each 
sample was then immediately cooled in the blast freezer (-30°C) for 
1 minute. 
Storage 
11 
Following blanching treatment and cooling, each sample was pre-
pared for either frozen storage or freeze-dehydrated storage. Samples 
for freezing were cooled in water (6 °C) for 1 minute, packed in poly-
ethylene bags which were tied to prevent contact with oxygen, and 
kept in waxed cartons. They were then quick frozen in a blast 
freezer (-30°C) and stored at -l9°C until subsequent analysis. 
Samples for freeze-dehydration, after being cooled in 0.1 percent 
NaHS03, were placed in single layers on stainless steel trays and 
blast frozen by cold air at -30°C for 3 hours. Each individual piece 
of quick-frozen cabbage was then freeze-dried in a freeze-drying 
1 2 
unit (Hull Corporation Model 651-F5, Hatboro, Pennsylvania). A 
chamber pressure of less than 1 mm Hg and a plate temperature of 58°C 
were maintained for 16 hours to obtain a final product with a 
moisture content of 8.4 percent. The freeze-dehydrated product was 
packed in No. 2~ size tin cans with packages of desiccant (calcium 
oxide) and sealed under a vacuum of 25 inch Hg. Cans were stored at 
4°C (refrigerator) for subsequent analysis. 
Subjective Analyses 
Flavor, color, texture, and acceptability of each sample were 
evaluated after storage for 1 month at -l9°C by a trained panel of 
12 judges using the hedonic scale. The scale ranged from 1 to 9, 
representing extremely disliked and extremely liked samples, re-
spectively. To 25 g of frozen cabbage, 125 ml of boiling water was 
added and the mass was brought to a boil. Samples were boiled for 
3 minutes, drained, and served to the tasting panel. 
Objective Analyses 
1. Reduced ascorbic acid (RAA) was determined by the method 
of Ruck (1963). Ground freeze-dehydrated samples were soaked in 0.4 
percent oxalic acid for l hour prior to analysis. 
2. Dehydroascorbic acid (DAA) was analyzed by the method of 
Roe and Oesterling (1944). Ground freeze-dehydrated samples were 
soaked in 5 percent metaphosphoric acid for l hour at 4°C prior to 
analysis. 
3. Total chlorophyll was analyzed by the treatments of Vernon 
(1960), Sweeney (1970), and AOAC (1975), requiring that ground 
13 
freeze-dehydrated samples be soaked in 80 percent acetone in a screw-
cap flask for 15 minutes before analysis. 
4. For measuring color and shear values, the frozen sample 
(150 g) was thawed at room temperature (22°C), and the freeze-
dehydrated sample was rehydrated overnight with distilled water equal 
in volume to that in frozen cabbage. The color values of the 
homogenized cabbage were measured with a Hunter Color and Color-
Difference Meter using a green Hunter Lab standard plate No. C2-2784 
(L = 64.4; a= -14.5, b = 5.5) for standardizing the meter. The 
samples were then subjected to a shear press machine (Bridge Food 
f·1achinery Company, Philadelphia, Pennsylvania). Fifty grams of sample 
were measured and the result was expressed in pounds of firmness per 
square inch. 
5. The pH was read on a Beckman, Expandomatic SS-2, pH meter. 
Each sample (50 g) was blended with 50 ml distilled water for 1 
minute in a Waring blender, and its pH was determined. Ashing pro-
cedure for the determination of minerals was based on the AACC method 
(1962). The determinations were made with a Jarrell Ash 800 Atomic 
Absorption Spectrophotometer (Fisher Scientific Company, Waltham, 
r~assachusetts). 
The chemical analyses were performed in triplicate and statistical 
analyses were conducted wherever applicable in all the four parts 
(Snedecor and Cochran, 1972). 
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RESULTS AND DISCUSSION 
Comparison Between the Blanching Procedures 
The results shown in Table 1 indicate the effects of solution and 
steam blanching on the firmness of and peroxidase activity in cabbage, 
and were used to determine optimum blanching time and temperature. 
Higher temperature water blanching inactivated the enzyme(s) in shorter 
duration. Such high temperature water blanching, however, was associ-
ated with loss in firmness. It has been reported that during low tem-
perature blanching pectic acid content is increased owing to the ac-
tivity of pectin methylesterase (Hoogzand and Doesberg, 1961; Van 
Buren, 1973). This results in a loss of solubility of pectic sub-
stances, yielding a firmer product. Blanching in water usually requires 
less time to inactivate the enzymes than blanching in steam at the 
same temperature. This may be due to the rapid application of heat to 
each piece in the liquid medium as against the slow penetration of 
steam into the bed of pieces (Dietrich and Neumann, 1965; Lazar and 
Rasmussen, 1964). In this work, however, both solution and steam 
blanching at 96 °C required 3 minutes to inactivate the enzymes. Steam 
blanching in our experiment thus appeared to be more efficient than 
normally reported. This higher efficiency may be due to even steam 
distribution in our blancher which was designed and constructed 
specifically for this purpose. 
Cabbage samples were blanched in a microwave oven under different 
cooking conditions (Table 2). All of the products had 11 burnt spot 11 on 
the leaves. Nonuniform water content in different parts of the leaf 
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and the unevenness of the electric field distribution may be the 
reasons for the development of these spots (Stuckly and Hamid, 1972). 
It has been recognized that the generation of uniform energy distribu-
tion within a batch-type oven is impossible (Stone, 1972). The 
associated problems may be avoided by conveying the product to be 
treated through a cavity on a conveyor belt. In our experience the 
"burning effect" was least with a cooking selection of 96.25 watts. 
The results shown in Table 3 indicate weight loss, resulting from 
the cold air cooling and at least minimal weight increase resulting 
from cold water cooling. Air cooling results in weight loss due to 
the drying action of the air stream (Lee, 1958). Reduction in weight 
is also due to the loss of selective permeability of the cell membrane. 
The cell can no longer retain water when such loss occurs. Microwave-
blanched cabbage underwent a weight loss of 26.05 percent when cooled 
with cold air. The corresponding losses for cabbage blanched in 
water or with steam were 4.16 and 15.04 percent, respectively (Table 
3). Water-blanched vegetables, when cooled with cold water, registered 
higher gain in weight (6.79 percent) than the steam-blanched samples 
(0.5 percent). Weight increases after cooling may be attributed to 
water adhering to the vegetable or to an increased water holding 
capacity of vegetable colloids. It has been suggested that a high 
degree of methoxylation of cell wall pectin would increase water up-
take (Warren and Woodman, 1974). The increase in weight in water-
cooled blanched cabbage may also be due to filling up of the vacuole 
space created due to cooling of the gases in the cell with water. 
Table 3. Effects of blanching and cooling methods on the change in weight and ascorbic acid content 
of cabbage samples 
Blanching 
method 
Water 
Steam 
Cooling method 
With cold air With cold water 
weight change weight change 
(%) (%) 
-4.16.±_0.92 6.79 ±. 0.92 
-15.04 ±:0.42 0.50 ±. 0 .07 
Ascorbic acid content (mg/100 g cabbage) 
Cooling with cold air Cooling with cold water 
Reduced Dehydro- Total Reduced Dehydro - Total 
ascorbic ascorbic ascorbic ascorbic ascorbic ascorbic 
acid acid acid acid acid acid 
23.07 ±.0.06 0.80 ±.0 .10 
36.88 ±. 0.16 1.22 ±.0.10 
23.88 ±. 0.04 
38 .10 ±.0.12 
22.47 ±.0.06 
24 .38 ±.0.16 
0.63 ±0.04 
1.26 ±0.04 
23 .10 ±.0.38 
25.64 ±0.12 
0"> 
Effects of Chemicals on the Blanched Cabbage Samples 
The quality of the blanched product depends on flavor, color, 
texture, and also on nutrient retention. Cabbage samples were proc-
essed in the presence of different chemical solutions to define a 
method yielding a satisfactory product. First, the cabbage was 
blanched in the presence of different acid solutions (2 percent wt/ 
vol) and put to subjective analysis (Table 4). This initial experi-
ment guided the choice of acetic acid, citric acid, and malic acid 
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for further studies. The data in Tables 5, 6, and 7 show the physical 
characteristics and quality acceptance scores, respectively, for 
cabbage blanched with solutions containing acid, alkali and chelating 
agent, and common salt. Among the acid solutions, malic acid at 0.5 
percent level yielded a product with optimum qualities (Table 5). 
Also, malic acid is one of the organic metabolites of the vegetable 
Table 4. Acceptance scoresa for cabbage samples blanched with 2 per-
cent acid solutions 
Acid Color Flavor Texture Overall 
solution quality 
Control 3 0.9 3 l.l 2 1.1 3 0.8 6.82 ± 7.72 ± 6.72 ± 7.31 ± 
Acetic acid 6.52 ± 0. 7 4.32 ± 1.7 6.82 ± 0.8 4.53 ± 0.9 
Citric acid 6.o1 ± 0. 7 4.82 ± 1.4 6.82 ± 0.8 5.52 ± 0.8 Fumaric acid 5.o1 ± 0.8 4.51 ± 1.0 6.51 ± l.l 5.31 ± 1.2 Lactic acid 5.82 ± 0.8 2.52 ± 1.2 5.32 ± 1.4 4.53 ± 1.0 
Malic acid 6.3 ± 0.8 4.5 ± 1.7 6.5 ± 1.0 6.2 ± 0.9 
LSD at 0.05 level 0.9 l.l 0.8 0.6 
Note: Means with different superscripts are significantly different 
(P < 0.05); mean± S.D. 
aAcceptance scores of a panel consisting of 12 trained judges for 
color, flavor, texture, and overall quality of cabbage samples which 
were blanched in 2 percent acid solutions. 
Table 5. Physical characteristics and quality acceptance scores of acid-blanched cabbage samplesa 
Acid treatment 
Control 
Acetic acid 
Citric acid 
Malic acid 
LSD at 0.05 level 
Concentration 
(%) 
0 
0.2 
0.5 
1.0 
2.0 
0.2 
0.5 
1.0 
2.0 
0.2 
0.5 
1.0 
2.0 
Shear value 
lb/ in2/50 g 
392 ± 31 .7 
3902 ± 13.4 
4022 ± 16.7 
4152 ± 14.4 
4303 ± 17.6 
4112 ± 40.1 
3201 ± 22.9 
4283 ± 34.8 
4052 ± 11 .8 
3852 ± 19.9 
3902 ± 29.2 
4213 ± 16.1 
4102 ± 35.4 
40.7 
Hunter Color and Color-Difference Meter 
Reflectance Greenness Yellowness 
(L) (a) (b) 
57 .8 ± 1.1 
62 .65 ± 0.7 
60.03 ± 1.0 
62 .55 ± 0.4 
61.54 ± 0.7 
58.02 ± 0.6 
56.91 ± 0.4 
60.94 ± 0.4 
62 .04 ± 0.4 
58 .22 ± 0.6 
59.13 ± 0.4 
58.42 ± 0.4 
58.52 ± 0.4 
1.0 
-7.2 ± 0.6 
-5.83 ± 0.3 
-5.73 ± 0.4 
-5.22 ± 0.4 
-4.31 ± 0.4 
-6.14 ± 0.5 
-6.34 ± 0.4 
-4.81 ± 0.4 
-4.51 ± 0.3 
-7.35 ± 0.2 
-6.34 ± o.3 
-5.93 ± o.2 
-5.02 ± 0.4 
0.6 
15.4 ± 0.4 
15.71 ± 0.2 
17.13 ± 0.2 
15.71 ± 0 .3 
15.61 ± 0.2 
16.22 ± 0.4 
16.63 ± 0.3 
16.73 ± 0.4 
15.81 ± 0.4 
16.22 ± 0.3 
17 .64 ± 0.3 
16.93 ± 0.4 
16.32 ± 0.2 
0.5 
Note : Means with different superscripts are sign if icantly different (P < 0.05) ; mean ± S.D. 
Color 
7.0 ± 0.5 
6.5 ± 0.9 
6.5 ± 0.1 
5.8 ± 0.8 
5.4 ± 1.1 
6.8 ± 0.8 
6.5 ± 0.8 
5.0 ± 1.1 
4.8 ± 1.1 
6.8 ± 0.7 
6.8 ± 0.9 
6.4 ± 0.7 
6.0 ± 0.8 
0.8 
Subjective analysis 
Flavor Texture 
6.3 ± 0.7 
6.0 ± 0 .9 
6.0 ± 1.0 
5.5 ± 0.9 
4.5 ± 0.9 
6.0 ± 0.8 
6.0 ± 0.7 
5.5 ± 0.9 
4.8 ± 1.3 
6.5 ± 0.9 
6.5 ± 0.8 
6.0 ± 1.3 
4.6 ± 1.2 
0.8 
6.4 ± 1.2 
6.52 ± 0.8 
7.03 ± 1.0 
6.01 ± 0 .9 
6.62 ± 1.0 
7.03 ± 0.7 
5.81 ± 1.3 
6.21 ± 0.9 
6.82 ± 1.1 
6.52 ± 1.0 
6.82 ± 0.8 
6.82 ± 0.9 
6.52 ± 0.8 
0.8 
Overall 
quality 
6.9 ± 1.0 
6.23 ± 0.8 
6.23 ± 0.9 
5.22 ± 1.0 
4.71 ± 1.0 
6.74 ± 0.9 
6.03 ± 0.9 
5.52 ± 0.9 
5.32 ± 0.9 
6.23 ± 1.0 
6.23 ± 0.9 
6.03 ± 1.0 
6:03 ± 1.2 
0.8 
a Effects of blanching with different acids (concentration range 0 to 2 percent) on the physical characteristics of cabbage. Shear values were determined by the 
shear press meter. Acceptance scores for color, flavor, texture, and overall qual ity represent evaluation by 12 trained judges. 
co 
Table G. 
Chemical 
treatment 
Control 
NaHC03 
NH4HC03 
EDTA 
Physical characteristics and quality acceptance scores of cabbage samples blanched with an 
alkaline solution or with a sequesteranta 
Concentration Shear value Hunter Color and Color-Difference Meter Subjective analj'sis 
{%) lb/in2/ 50 g Reflectance Greenness Yellowness Color Flavor Texture {L) (a) {b) 
0 435 ± 43.9 50.6 ± 0.2 -9.2 ± 0.5 18.12 ± 0.2 5.9 ± 1.6 6.6 ± 1.2 6.6 ± 1.2 
0.05 3373 ± 32.4 50.12 ± 0.3 -9.52 ± 0.3 18.1 ± 0.3 6.7 ± 1.1 6.52 ± 1.2 7.13 ± 0.9 
0.1 3143 ± 8.7 44.61 ± 0.4 -1o.o2 ± 0.4 16.31 ± 0.2 6.9 ± 0.9 6.92 ± 0.8 7.84 ± 1.1 
0.2 2002 ± 26.4 56 .91 ± 0.3 -11.23±0.4 16.31 ± 0.8 7.5 ± 1.2 5.71 ± 1.2 4.31 ± 1.4 
0.05 1972 ± 28.6 48 .81 ± 0.4 -10.93 ± 0.7 19.33 ± 0.4 6.3 ± 0.9 7.02 ± 1.0 6.42 ± 0.9 
0.1 1501 ± 8.7 46.81 ± 0.4 -11.73±0.6 19.33 ± 0.2 7.5 ± 0.9 6.31 ± 1.0 5.11 ± 1.0 
0.2 1001 ± 21.8 52.43 ± 0.3 -12 .64 ± 0.3 21.84 ± 0.4 7.8 ± 0.9 5.51 ± 1.2 4.31 ± 0.8 
0.005 3503 ± 47.7 56.94 ± 0.2 -8.o1 ± o.3 16.51 ± 0.4 7.3 ± 1.5 6.82 ± 0.8 6.53 ± 1.0 
0.025 3403 ± 34.6 51 .32 ± 0.4 -8.31 ± 0.6 22.64 ± 0.3 7.6 ± 0.7 7.02 ± 0.8 6.83 ± 0.9 
0.05 3363 ± 38.2 58.05 ± 0.4 -7.9,1 ± 0.6 22.04 ± 0.6 7.2 ± 0.7 7.83 ± 0.9 6.73 ± 0.9 
Overall 
quality 
6.1 ± 1.2 
7.0 ± 0.9 
6.9 ± 1.2 
6.4 ± 1.3 
6.7 ± 0.9 
6.4 ± 1.0 
6.5 ± 1.0 
6.8 ± 1.1 
6.3 ± 1.0 
6.3 ± 1.2 
--- - ------- -------- -- -------- --- - --- ------- -- -----------------------
LSD at 0.05 level 51 .6 0.6 0.8 0.7 0.8 0.8 0.8 0.9 
Note : Means with different superscripts are significantly different {P < 0.05); mean ± S.D. 
acabbage samples were blanched in 0.05 to 0.2 percent for alkali, or 0.005 to 0.05 percent for EDT A for 3 minutes. Shear values were determined by a shear 
press metf:r. Acceptance scores for color, flavor, texture, and overall quality represent evaluation by 12 trained judges. 
1.0 
Table 7. Physical characteristics and quality acceptance scores of cabbage samples blanched with sodium 
chloride solutiona 
Sodium Shear value Hunter Color and Color-Difference Meter Subjective anal~sis chloride 
lb/in2/50 g Reflectance Greenness Yellowness Overall concentration (L) (a) (b) Color Flavor Texture quality 
Control 3572 ± 15.3 52.32 ± 0.6 -9.72 ± 0.2 18.12 ± 0.4 7.0 ± 1.6 6.6 ± 0.9 6.3 ± 1.7 6.5 ± 1.3 
0.5 1901 ± 45.8 51.11 ± 0.4 -9.92 ± 0.7 18.62 ± 0.2 7.2 ± 1.3 6.5 ± 0.8 5.8 ± 1.4 6.2 ± 1.4 
1.0 1901 ± 26.4 52.92 ± 0.4 -8.31 ± 0.4 16.21 ± 0.4 7.1 ± 1.1 .7.2 ± 0.7 6.3 ± 1.5 6.7 ± 1.1 
1.2 1901 ± 15.0 53.22 ± 0.3 -8.51 ± 0.4 16.81 ± 0.3 7.3 ± 0.9 7.3 ± 0.9 6.5 ± 1.3 6.5 ± 0.9 
1.5 2001 ± 36.0 56.93 ± 0.6 -8.11 ± 0.2 14.81 ± 0.4 6.9 ± 1.1 6.3 ± 0.8 6.2 ± 1.2 6.6 ± 1.3 
2.0 1601 ± 12.0 53.02 ± 0.4 -9.62 ± 0.1 19.43 ± 0.3 6.9 ± 1.0 6.2 ± 0.8 6.2 ± 1.4 6.2 ± 1.1 
LSD at 0.05 level 49.8 0.8 0.7 0.6 1.0 1.0 1.1 1.0 
Note : Means with different superscripts are significantly different (P < 0.05); mean ± S.D. 
acabbage samples were blanched in 0 to 2.0 percent sodium chloride for 3 minutes. Shear values were determined by shear press meter. Acceptance scores 
for color, flavor, texture, and overall quality represent evaluation by 12 trained judges. 
N 
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cells and did not contribute any strange taste to the vegetable. Cab-
bage blanched in the NH 4Hco3 solution was assigned higher scores for 
color and flavor than was the one blanched in the NaHco 3 solution. How-
ever, textural attributes of cabbage processed with NaHC0 3 were better 
than NH 4HC03-processed cabbage. EDTA has been reported to minimize 
undesirable color changes (Daoud et al., 1977) and to improve the 
quality of the final product (Furia, 1972). EDTA ties up trace metals 
which catalyze oxidative breakdown of foods, thus improving color, 
flavor, and texture of foods (Sanders, 1966). Our results in Table 6 
do show substantial improvement in these attributes, particularly at 
higher levels of EDTA. Sodium chloride at 1.2 percent level in the 
blanching solution was judged to be the optimum concentration based 
upon the results in Figure 6. 
The results shown in Table 8 suggest that blanching in hot solu-
tion should be a preferred procedure to steam blanching. The judges 
commented on a higher level of off-flavor (sulfur flavor) present in 
the steam-blanched cabbage. This seemed to be one of the key factors 
in reducing the subjective scores for steam-blanched samples. 
Comparison between the treatments in Table 8 ranks the samples 
blanched in NaCl solution as the most superior. Flavor, color, and 
texture scores for cabbage blanched in the presence of 1.2 percent 
NaCl were consistently higher than for the control. The adsorption of 
salt by the cell walls and other micro-structures had increased the 
firmness of the cabbage (f~atz, 1962). Such adsorption seemed to have 
played a role for both EDTA and NaCl treatments. Malic acid-blanched 
cabbage had lost crispness. Loss of crispness, characteristic of the 
blanched sample, may be due to the increased rate of hydrolysis of 
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Table 8. Taste panel score~for frozen cabbage samples blanched in solution or in steam 
Chemical 
treatment 
Control 
EDTA 0.025% 
Flavor Color Texture Overall quality 
Solution Steam Solution Steam Solution Steam Solution Steam 
blanching blanching blanching blanching blanching blanching blanching blanching 
6.4 ± 1. l 5.8 ± 1.2 6.5 ± 0.9 6.1 ± 1.0 6.2 ± 1.1 5.9 ± 1.2 6.5 ± 1.0 6.0 ± 0.7 
6.5 ± 1.0 6.0 ± 0.9 6.3 ± 1.3 6.0 ± 1. 1 6.7 ± 0.9 6.4 ± 1.2 6.8 ± 0.8 6.2 ± 1.3 
Malic acid 0.5% 6.0 ± 1.0 5.0 ± 1. 2 5.5 ± 1.2 5.8 ± 1.0 6.5 ± 0.9 6.0 ± 1.3 5.8 ± 0.9 6.0 ± 0.7 
NaCl 1.2% 7.3 ± 0.8 7.0 ± 1.2 7. 1 ± 1.0 6.5 ± 0.9 7.3 ± 0.8 7.0 ± 0.9 7.1 ± 0.9 6.9 ± 1.0 
NaHC03 0.05% 5.8 ± l. 1 6. l ± l . 1 7.0 ± 1.0 6.5 ± l. 1 6.0 ± l. l 6.0 ± 0.7 6.3 ± 1. l 6.4 ± 1.2 
LSD at 0.05 level 0.8 0.8 0.8 0.8 
aRepresents evaluation by 12 trained judges; mean ± S. D. 
N 
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protopectin (Potter, 1968; Charley, 1970), due to a combined effect 
of heat and acid. Textural losses in vegetables during heat processing 
may also be due to rupture of cell walls occurring because of in-
creased vapor pressure of water and expansion of gases in intra- and 
inter-cellular spaces (Matz, 1962). 
Freeze-Dehydration of the Blanched Products 
The combined effects of blanching and freeze-dehydration on 
chlorophyll retention and on the physical characteristics of the 
samples are indicated in Tables 9 and 10, respectively. Chlorophyll 
concentration and retention were measured by different procedures: 
chlorophyll concentration by Vernon (1960) and AOAC (1975), chloro-
phyll retention by Vernon (1960) and Sweeney (1970) methods. The 
values for chlorophyll concentrations are markedly higher for the 
AOAC procedure for solution-blanched samples than for Vernon ' s method. 
Chlorophyll retention in cabbage blanched in malic acid solution was 
low (13 to 17 percent), indicating its chemical degradation under 
acidic conditions. Even under dilute acidic conditions it undergoes 
a loss of magnesium forming pheophytin (White et al., 1963). Such 
conditions may be created even due to the acids in the cells of 
cabbage after their rupture during processing (Mackinney and Weast, 
1940; Eheart and Gott, 1965). Samples blanched in the presence of 
EDTA, NaCl, and NaHC0 3 generally have greenness ("a" values) values 
higher than the fresh sample (Table 10). This may be due to the ex-
pulsion of intercellular air resulting in shrinkage of plastids and 
clumping up of a mass of coagulated protoplasm at the center as pro-
posed by Mackinney and Weast (1940). 
Table 9. Chlorophyll contenfof freeze-dehydrated cabbage samples blanched with chemical solutions and 
stored at 4°C for 24 months 
Blanching method 
Solution 
Steam 
LSD at 0.05 level 
aMean ± S.D. 
Chemical 
treatment 
Fresh 
Control 
EDTA 0.025% 
Malic acid 0.5% 
NaCl l. 2% 
NaHC03 0.05% 
Control 
EDTA 0.025% 
Malic acid 0.5% 
NaCl 1.2% 
NaHC03 0.05% 
Total chlorophyll concentration 
{mg/L) 
Vernon 
2.64 ± 0.93 
1.57 ± 0.41 
1.63 ± 0.36 
l. 60 ± 0. 41 
l. 68 ± 0. 19 
1.74±0.61 
2.40 ± 0.63 
2.32 ± 0.75 
1.85 ± 0.35 
2.86 ± 0.33 
2.93 ± 0.86 
0.73 
AOAC 
4.04 ± 0.81 
2.70 ± 0.98 
2.62 ± 0.76 
l. 33 ± l. l 0 
2.74 ± 1.18 
2.99 ± 0.92 
1.10 ± 0.21 
1.58 ± 0.50 
1.84 ± 0.28 
2.13 ± 0.24 
2.15 ± 0.26 
l. 03 
Total chlorophyll retention 
Percent 
Vernon 
90.70 ± 25.03 
58.32 ± 13.45 
65.24 ± 11.10 
12.83 ± 3.91 
63.72 ± 17.25 
70.33 ± 12.00 
33.43 ± 14.96 
51. 08 ± 11 . 86 
27.41 ± 6.24 
60.10 ± 14.69 
60.55 ± 18.35 
18. 16 
Sweeney 
101.52 ± 21.27 
60.21 ± 14.50 
65. 19 ± ll. 83 
16.92 ± 3.02 
67.33 ± 19.12 
70.78 ± 13.24 
48.60 ± 12.63 
58.46 ± 12.39 
30.22 ± 13.36 
65. 15 ± 11. 64 
67.22 ± 12.97 
18.05 
N 
U1 
Table 10. Physical characteristics of rehydrated cabbage samples a 
Blanching Chemica 1 Product Reflectance Greenness Yellowness Shear2value method treatment pH (L) (a) (b) lb/in /50 g 
Fresh cabbage 6.5 65.0 ± 0.2 -12.4 ± 1.6 21.3 ± 1. 4 730.0 ± 147.3 
Solution Contro 1 7.2 55.2 ± 0.4 -24.6 ± 0.8 22.6i ± 0.8 240.01 ± 17.3 
EDTA 0.025% 7. 1 54.0 ± 0.3 -25.0 ± 0.7 21.81 ± 0.8 288.38 ± 17.6 
l~alic acid 0.5% 4.4 55.4 ± 1.0 -19.1 ± 0.6 11.36 ± 0.6 750.03 ± 10.0 
NaCl 1. 2% 7.3 54.5 ± 0.3 -26.3 ± 0.6 24.52 ± 0.5 336.72 ± 35. 1 
NaHC03 0.05% 7.3 55.3 ± 0.3 -27.2 ± 0.3 21.1 ± 0.4 294. 1 ± 16.4 
Steam Control 6.6 56.0 ± 0.5 -21. 1 ± 0. 9 20.8~ ± 0.7 388.0~ ± 73.4 
EDTA 0.025% 6.2 54.1 ± 0. 3 -23.7 ± 0.7 21.81 ± 0.8 548.87 ± 47.9 
Malic acid 0.5% 5.5 55. 1 ± 0. 4 -17.5 ± 1.0 13.24 ± 0.7 623.64 ± 20.8 
NaC1 1. 2% 6.7 55.0 ± 0.9 -23.4 ± 0.6 23.11 ± 0.3 555.03 ± 52.4 
NaHC0 3 0.05% 6.8 54.3 ± 1.6 -24.6 ± 1.1 19.2 ± 0.3 337.5 ± 58.3 
--------------------------------------------------------------------------------------------------------
LSD at 0.05 level 1.2 1.6 1.1 
Note: Means with different superscripts are significantly different (P < 0.05); mean ± S.D. 
aThe vegetable was blanched, freeze-dehydrated, and stored at 4°C for 24 months. 
70.0 
N 
(1) 
Loss of magnesium on treatment with malic acid is also demon-
strated in Table 11. Magnesium content of unblanched dry cabbage 
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is 221 mg/100 g. The values were reduced to 202.6 and 193.6, re-
spectively, when the vegetable was solution- and steam-blanched in the 
presence of 0.5 percent malic acid. Malic acid blanching also regis-
tered a loss in the iron content of cabbage~ Lee (1958) had pointed 
out that the calcium level is invariably increased because of the 
hardness of the blanching water. Total hardness of water used for 
blanch i ng, when expressed as Caco3, was 186-196 ppm. Therefore, it 
i s not surprising that data in Table 11 indicate an increase in 
calcium content of cabbage, irrespective of the blanching treatment. 
It is also clear from Table 11 that the mineral content of the final 
product is a function of the blanching procedure. 
Effects of Long-Term Storage of Cabbage Samples 
The effects of storage for 24 months at 4°C on ascorbic acid con-
tent of blanched and freeze-dehydrated cabbage samples are demonstrated 
in Table 12. When blanched in water, retention of ascorbic acid is 
53.55 percent; however, the treatments with EDTA, NaCl, or malic acid 
increase the retention to 83.01, 81.94, and 75.69 percent, respectively. 
Hudson et al. (1974) reported earlier that there was no vitamin Closs 
in Brussels sprouts when blanched with 1.2 percent NaCl. Our findings 
suggest significant improvement in vitamin C retention over control 
when the cabbage is blanched with 1.2 percent NaCl (Figure 7). ·Re-
tention of ascorbic acid in samples steam-blanched in the absence of 
any chemical (control) was higher than the corresponding water-blanched 
Table 11. Effects of blanching on the mineral contentsa {mg/100 g) in cabbage samples 
Chemical 
treatment 
Control 
EDTA 0.025% 
Mg 
262.96 ± 0.8 
286.37 ± 3.7 
Malic acid 0.5% 202.62 ±12.6 
NaCl 1.2% 201.72 ± 3.0 
NaHC0 3 0.05% 204.6
2 ± 0.8 
Fresh and un-
treated cabbage 221.0 
LSD at 0.05 level 8.5 
Solution blanching 
Ca 
973.86 ± 0.7 
866.45 ± 8.7 
Fe 
4. 72 ± 0.1 
5. o2 ± 0. 1 
547.21 ± 8.4 3.91 ± 0.2 
748.64 ± 11.16 5.55 ± 0.3 
998.36 ± 15.98 3.71 ± 0.3 
534.8 4.9 
16.2 0.4 
Steam blanching 
Mg Ca 
237.54 ± 4.4 569.01 ± 1.3 
241.25 ± 2.2 583.71 ± 0.6 
193.61 ± 0.4 639.03 ± 6.4 
229.33 ± 6.3 766.94 ± 12.6 
232.93 ± 0.8 699.72 ± 13.0 
221.0 534.8 
8.5 16.2 
Note: Means with different superscripts are significantly different (P < 0.05); mean ± S.D. 
Fe 
5.02 ± 0.2 
5.32 ± 0.2 
4.21 ± 0.2 
5.95 ± 0.1 
5.02 ± 0.2 
4.9 
0.4 
arhe contents are expressed for 100 g of moisture-free cabbage and corrected for the weight changes 
during processing. 
N 
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Table 12. Effects of blanching on ascorbic acid content of freeze-dehydrated cabbage samples stored at 
4°C for 24 months 
Ascorl:>ic acid contenta 
Steam blanchingc 
Chemical mg/100 g cabbage % Retention mg71 00 g cabbage % Retention 
treatment Reduced Dehydro- Total of ascorbic Reduced Dehydro- Total of ascorbic 
ascorbic ascorbic ascorbic acid ascorbic ascorbic ascorbic acid 
acid acid acid acid acid acid 
Fresh cabbaged 41.97 ± 2.38 0.23 ± 0 .04 42.20 ±2.40 100.00 
Control 22.52~ ± 0 .36 o.o81 ± 0.02 22.60 1 ± 0.34 53.55 33 .513 ± 0 .76 0 .151 ± O.Ql 33.423 ± 0 .92 79 .91 
EDTA 0.025% 34.76 ± 0.72 0.272 ± 0.04 35.033 ± 0.69 83.01 33.393 ± 3.30 0.884 ± 0.01 34.273 ± 3.31 81.21 
Malic acid 0.5% 31.532 ± 1.85 0.403 ± 0.07 31.942 ± 1.87 75 .69 32.453 ± 2.48 0.252 ±0.03 32.703 ± 2.47 77.49 
NaCI1 .2% 34.353 ± 1.72 0 .232 ± 0 .02 34 .583 ± 1.71 81 .94 35.613 ± 6 .34 o.4o3 ±o.o7 36.013 ± 6.37 85.33 
NaHC03 0.05% 20.091 ± 0 .81 0 .242 ± 0.02 20.33
1 ± 0 .81 48.18 27.782 ± 0 .66 0.401 ± 0 .02 27.882 ± 0.65 66.07 
LSD at 0 .05 level 4.37 0.06 4.39 4.37 0 .06 4.39 
Note : Means with different superscripts are significantly different (P < 0.05); mean ± S.D. 
a Represents amount of ascorbic acid present after corrected for the recovery factors . 
bone kilogram of cabbage samples was blanched in 8 liters of treatment solution for 3 minutes, cooled in 0.1 percent NaHS03 for 1 minute, and frozen in a 
blast freezer before freeze-dehydration. 
trwo hundred grams of cabbage sample was vacuum impregnated in 1200 ml of treatment solution for 5 minutes, steam blanched, and cooled in 0.1 percent 
NaHS03. It was then frozen in a blast freezer before freeze-dehydration . 
dThe fresh cabbage sample was sampled out before the blanching treatments were employed . Then they were freeze -dehydrated and sealed under a vacuum 
of 25 inch Hg. in No . 2% size tin cans with packages of dessicant. Samples were stored at -19°C until analysis . 
N 
lO 
Figure 7. Effects of blanching on ascorbic acid contents of freeze-dehydrated cabbage stored at 
4°C for 24 months. 
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cabbage sample, indicating the desirability of the steam-blanching 
procedure for nutrient retention. 
31 
The data in Tables 13, 14, and 15 show the effects of 24-month 
storage of cabbage at -l9°C. Comparison between 6 month- and 24-month-
stored products indicates that yellowness ('b' value) increased for 
all the products. During storage, the greenness ('a' value) was de-
creased in the malic acid-treated cabbage, while the contrary was 
true for NaCl-treated vegetables. Comparison of shear values between 
Tables 10 and 13 indicates that the freeze-dehydrated products possess 
better textural characteristics than the freeze-stored (at -l9°C) 
one. Interpretation about chlorophyll stability during storage was 
difficult, particularly because of lack of uniformity in chlorophyll 
concentration determined by two methods. 
Ascorbic acid retention values in Table 15 are significantly 
lower than the corresponding values in Table 12. Thus, ascorbic acid 
content was lowered during storage irrespective of the treatment. 
Tressler (1945) reported that ascorbic acid was not lost during 
storage at temperatures below -l8°C. Growth and metabolism of micro-
organisms at low temperatures (-l2 °C) is controlled (Schmidt-Lorenz, 
1976). We are unable to explain the loss of vitamin C during storage 
at -l9°C, an observation also reported by Fennema (1977). In samples 
treated with EDTA, malic acid, and NaCl, ascorbic acid retention was 
higher in steam-blanched cabbage than in solution-blanched cabbage. 
Table 13. Physical characteristics of frozen cabbage samples blanched with chemical solutions and 
stored at -l9°C for 6 and 24 months 
Chemical pH Hunter Color and Color-Difference Meter Shear value Blanching method treatment producta Reflectance Greenness Yellowness lb / in2 /50 g (L) (a) (b) 
Fresh 6.5 65 .0 ± 0.2 -12.4 ± 1.6 21.3 ± 1.4 730.0 ± 147.3 
6-Months-stored ~roduct 
Solutionb Control 7.1 53.9 ± 0.4 -20.1 4 ± 0.5 22.02 ± 0.3 243.3 ± 15.5 
EDTA 0.025% 7.3 54.0 ± 3.0 -23.06 ± 0.4 23.34 ± 0.6 256.7 ± 29.4 
Malic acid 0 .5% 4.4 56.8 ± 0.2 -14.31 ± 1.0 18.31 ± 0.8 490.0 ± 30.4 
NaCI 1.2% 7 .2 54 .2 ± 2.4 -22.05 ± 0.3 23.44 ± 0.6 266.7 ± 41.6 
NaHC03 0.05% 7 .3 53.0 ± 1.8 -23.06 ± 0.4 23.14 ± 0.3 156.7 ± 41.6 
Stearne Control 6.4 53.9 ± 1.4 -21 .75 ± 0.9 18.21 ± 0.6 270.0 ± 36.0 
EDTA 0.025% 6.3 56.0 ± 2.2 -20.54 ± 0.9 18.31 ± 0.5 280.0 ± 36.1 
Malic acid 0.5% 5.5 56.9 ± 1.5 -15.92 ± 0.8 18.61 ± 0.5 468.5 ± 30.1 
NaCI1 .2% 6.7 54.6 ± 1.7 -20.64 ± 0.2 18.51 ± 0.6 281.5 ± 18.2 
NaHC03 0.05% 6.6 57.3 ± 2.2 -22.86 ± 0.3 18.81 ± 0.4 225.7±21.1 
24 Months-stored ~roduct 
Solution Control 7.1 54 .1 ± 0.5 -20.94 ± 0.2 25 .17 ± 0.3 252.1 ± 47.5 
EDTA 0.025% 7.5 53.2 ± 0.4 -22 .66 ± 0.2 25.57 ± 0.4 252.7 ± 10.1 
Malic acid 0.5% 4.4 58 .7 ± 0.5 -12.21 ± 0 .1 18.71 ± 0.2 420.0 ± 22.9 
NaCI1 .2% 7.2 54.9 ± 0.3 -23.57 ± 0.2 24.87 ± 0 .5 276.7 ± 13.1 
NaHC03 0.05% 7.2 54.6 ± 0.5 -24.89 ± 0.5 25.47 ± 0.2 162.5 ± 17.8 
Steam Control 6.3 56.5 ± 0.3 -20 .74 ± 0.6 23.74 ± 0.3 267.5 ± 47.3 
EDTA 0.025% 6.4 53.0 ± 0.2 -21.15 ± 0.3 22.53 ± 0.2 268.7 ± 13.0 
Malic acid 0 .5% 5.6 55 .8 ± 0.7 -14.31 ± 0.2 21.42 ± 0.4 405.0 ± 17.1 
NaCI 1.2% 6.3 54.4 ± 0.4 -21.42 ± 0 .3 24 .16 ± 0.2 285.6 ± 12.6 
NaHC03 0.05% 6.4 52.4 ± 0.6 -22 .56 ± 0.6 25.17 ± 0.4 202.5 ± 17.9 
------------------------------------------- --- ----------------------
LSD at 0.05 level 2.8 0.8 0.7 
Note: Means with different superscripts are significantly different (P < 0.05); mean ± S.D. 
apH of a slurry obtained after blending of 50 g sample in 50 ml distilled water. 
bBianching of 1 kg cabbage samples in 8 liters of chemical solutions for 3 minutes followed by cooling in tap water for 1 minute. 
cTwo hundred grams of cabbage samples were soaked and vacuumed in 1.2 liters of chemical solutions for 5 minutes; then the cabbage samples 
were steam blanched for 3 minutes and cooled by tap water spray. 
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Table 14. Chlorophyll content of frozen cabbage, blanched with chemical solutions and stored at -19 °C 
for 6 and 24 months 
Chemical Total chloro~h~ll concentration Total chloro~h~ll retention Blanching method treatment (mg/L) (%) 
Vernon AOAC Vernon Sweeney 
Fresh 2.64 ± 0.93 4.04 ± 0 .81 90.70 ± 25.03 1 01 .52 ± 21 .27 
6 Months-stored ~roduct 
Solution Control 1.603 ± 0.54 2.885 ± 0.59 68.32 ± 15.24 74.21 ± 6.52 
EDTA 0.025% 1.783 ± 0.47 3.757 ± 0.54 70 .58 ± 8.74 76 .84 ± 18.07 
Malic acid 0 .5% 0.972 ± 0.33 1.061 ± 0.44 9.50 ± 3.64 13.69 ± 2.83 
NaCI 1.2% 1.873 ± 0.24 3.507 ± 1.10 78.91 ± 19.46 75.48 ± 10.23 
NaHC03 0.05% 2.896 ± 0 .60 4.248 ± 0.35 104.63 ± 26 .83 92 .94 ± 7 .36 
Steam Control 2 .30~ ± 0.66 2.103 ± 0.49 73.44 ± 5.67 78 .60 ± 5.46 
EDTA 0.025% 2.32 + 0.39 2.584 ± 0.22 68.19 ± 8.96 68.46 ± 6.01 
Malic acid 0 .5% 0.822 ± 0.42 1.oo1 ± o.35 32.24 ± 9.09 32 .24 ± 6.73 
NaCI1 .2% 3.867 ± 0.73 3.136 ± 0.31 75.98 ± 10.08 75 .15 ± 11.70 
NaHC03 0.05% 2.114 ± 0.33 3.697 ± 0 .39 78.44 ± 6.27 78.44 ± 4.65 
24 Months-stored ~roduct 
Solution Control 1.325 ± 0.17 2.765 ± 0.39 59.73 ± 2.61 54.26 ± 7.66 
EDTA 0.025% 1.773 ± 0.80 2.594 ± 0.49 68.14 ± 3.13 63.45 ± 1.23 
Mal ic acid 0.5% o.oo1 ± o.oo 1.091 ± 0.13 3.58 ± 1.10 11 .69 ± 0.55 
NaCI 1.2% 1.783 ± 0.19 2.845 ± 0.30 67.54 ± 2.75 65 .53 ± 5.38 
NaHC03 2.396 ± 0.54 3.156 ± 0.37 78 .30 ± 2.85 80 .22 ± 2.86 
Stea m Control 2.194 ± 0.25 2.oo3 ± o.35 47.40 ± 6.94 39.26 ± 6.92 
EDTA 0.025% 2.114 ± 0.34 2.474 ± 0.27 52.47 ± 6.21 46.06 ± 5.38 
Malic acid 0 .5% o.oo1 ± o.oo 0.941 ± 0.67 10.05 ± 3.65 16.13 ± 4.29 
NaCI 1.2% 2.285 ± 0.16 2.474 ± 0 .12 62 .10 ± 7.51 53 .50 ± 5.51 
NaHC03 0.05% 2.114 ± 0.35 2.765 ± 0.26 55 .87 ± 8.44 41 .02 ± 5.01 
----------------------------------- - - - ----------------------- - ----
LSD at 0 .05 level 0.43 0.63 16.07 10.06 
Note: Means with different superscripts are sign ificantly different (P < 0 .05); mean ± S.D. 
w 
w 
Table 15. Effects of blanching on ascorbic acid content of frozen cabbage samples stored for 24 months 
at -l9°C 
Ascorbic acid contenta 
Blanching in solution Steam blanchingc 
Chemical mg/1 00 g cabbage % mg/ 100 9 cabbage % 
treatment Reduced Dehydro- Total Retention Reduced Dehydro- Total Retention 
ascorbic ascorbic ascorbic of ascorbic ascorbic ascorbic ascorbic of ascorbic 
acid acid acid acid acid acid acid acid 
Fresh 41.97 ± 2.38 0.23 ± 0 .04 42.20 ± 2.40 100.00 
Control 20.404 ± 0.13 0.611 ± 0 .16 21.014 ± 0.17 49.79 19.903 ± 1.63 1.133 ± 0.40 21.034 ± 1 .46 49 .83 
EDTA 0.025% 15.322 ± 5.02 0.782 ± 0.10 16.101 ± 5.05 38.15 15.932 ± 1.77 2.625 ± 0.40 18.553 ± 2.38 43.96 
Malic acid 0 .5% 15.872 ± 1.84 1.274 ± 0.17 17.142±1.83 40.62 22.214 ± 1.72 0.762 ± 0.71 22 .976 ± 1.97 54.43 
NaCI1 .2% 19.373 ± 3.36 0.912 ± 0 .07 20.283 ± 3.30 48 .06 20.424 ± 0 .27 1.133 ± 0.26 21 .555 ± 0 .69 51.07 
NaHC03 0.05% 16.122 ± 2.62 0 .651 ± 0.07 16.772 ± 2.60 39 .7 4 11.271 ± 1.83 1.093 ± 0.48 12.361 ± 1.59 29.29 
----------- -- ----------------------- ---- --------------------------
LSD at 0 .05 level 4.14 0 .59 4.21 4.14 0 .59 4.21 
Note : Means with different superscripts are significantly different (P < 0.05); mean ± S.D . 
aRepresents amount present after corrected for the recovery facto rs. 
bone kilogram of cabbage was blanched in 8 liters of treatment solution for 3 minutes, cooled in 0.1% NaHS0 3 for 1 minute and frozen in a blast freezer and stored at -1 gc>C. 
cTwo hundred grams of cabbage were vacuum impregnated in 1200 mi. of treatment solution for 5 minutes, steam blanched, and cooled in 0 .1% NaHS03. 
It was then frozen in a blast freezer and stored at -19°C. 
w 
.p. 
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SUMMARY 
Cabbage (Brassica oleracea L.) was blanched in solutions, with 
steam, and in a microwave oven. Blanching of cabbage samples with 
steam and solutions at 96°C was achieved within 3 minutes as judged by 
the inactivity of peroxidase. 
The blanched products were evaluated for the effects of freezing, 
freeze-dehydration, and storage on the acceptability and nutrient re-
tention of the cabbage . Blanching in solution was preferred to steam 
blanching when the product was organoleptically evaluated. However, 
vitamin C was better retained during steam blanching. 
Cabbage blanched in a solution of 0.5 percent malic acid was pre-
ferred for its effect on the texture of the samples; 0.05 percent 
NaHC03 solution was preferred for color; and solutions of 1.2 percent 
NaCl and 0.025 percent EDTA were .preferred for texture, color, and 
ascorbic acid retention. Cabbage samples blanched in the presence of 
0.025 percent EDTA, 1.2 percent NaCl, and 0.05 percent NaHC0 3 and sub-
sequently subjected to freeze-dehydration had higher chlorophyll re-
tention than the control; the contrary was true for malic acid-treated 
cabbage. Processing in the presence of EDTA, NaC1, and malic acid 
increased vitamin C retention, while treatment with NaHC0 3 lowered it 
in freeze-dehydrated samples. When blanched in the presence of the 
1.2 percent NaCl solution, the greenness and firmness of the cabbage 
samples were improved during storage for 24 months at -l9°C. Further-
more, the results from subjective and objective evaluation of cabbage 
samples processed and stored at -l9°C indicate that blanching in the 
presence of 1.2 percent NaCl with 0.1 percent CaC1 2 is the most pre-
ferred blanching treatment. 
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PART II 
PHYSICAL, CHEMICAL, AND BIOCHEMICAL MODIFICATION IN 
PROCESSING TREATMENTS TO IMPROVE FLAVOR OF 
BLANCHED CABBAGE (BRASSICA OLERACEA L.) 
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INTRODUCTION 
The most important factor for the acceptability, quality, and 
identity of vegetables is their characteristic flavors. Flavoring 
constituents are chemicals which are the products of different chem-
ical and biochemical reactions. Some of these reactions are ex-
clusively specific to an individual vegetable species. The flavoring 
constituents of processed vegetables of the genus Brassica3 such as 
cabbage, include volatile sulfur-containing compounds (Maruyama, 
1970), especially isothiocyanates. Isothiocyanates are formed when 
myrosinase reacts with the substrate(s), thioglucosinolate(s). Myro-
sinase is thermolabile, and the heat treatment, essential in the 
preservation process to inactivate notorious enzymes such as peroxi-
dase, denatures it (Schwimmer, 1963). Processing also leads to a 
loss of inherent flavor constituents via evaporation (Hewitt et al., 
1956). The destruction of enzymes and consequent loss of flavor 
components is a serious drawback to preserved vegetables. 
The purpose of this investigation was to evaluate different means 
to offset the flavor loss in preserved cabbage. The methods studied 
include the following: (a) optimization of duration for cooking, · 
(b) incorporation of chemicals to accentuate flavor, and (c) addition 
of cabbage enzyme(s) prior to the serving of the vegetable. Nutrient 
retention and appearance are also important to vegetable acceptability, 
quality, and identity. Therefore, this paper elucidates the effects 
of storage on chlorophyll and ascorbic acid contents of processed 
cabbage. 
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EXPERIMENTAL METHODS 
Cabbage Samples 
Cabbage of the cultivar Late Glory was obtained from a plant of 
the Del f·1onte Company in Franklin, Idaho. The cabbage was washed, 
trimmed, cored, and quartered. Each quarter was cut into 2-inch-wide 
pieces, separated into individual pieces, and mixed. 
Blanching in Solution 
Two hundred-gram samples of cabbage were impregnated with 1200 
ml of 0.05 percent NaHC0 3 for 5 minutes at 25 inch vacuum. The 
sample was then blanched in 1200 ml of boiling solution containing 
0.1 percent CaC1 2 ~ 1 percent NaCl, and 0.25 percent flavor enhancers 
(FLVR). The FLVR consisted of monosodium glutamate (t.1SG), disodium 
51 -inosinate (5 1 -IMP), and disodium 5•-guanylate (5 1 -GMP) in the 
proportions of 95:2.5:2.5, respectively. The blanched cabbage was 
cooled in an air blast freezer (-30°C) for 1 minute, weighed, and 
packed in a polyethylene bag. The bag was placed in a wax-coated 
carton, quick-frozen in a blast freezer, and stored at -l9 °C. 
Steam Blanching 
Two hundred-gram samples of cabbage were vacuum impregnated 
with the solution containing 0.5 percent NaHC0 3, 0.1 percent CaC1 2, 
3 percent NaCl, and 0.3 percent FLVR for 5 minutes under 25 inch 
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vacuum. The cabbage was then steam blanched for 3 minutes in a 
specially designed blancher which was described in Part I. Procedures 
for cooling, packing, and storing samples for freezing and freeze-
dehydration were as described in the previous part. Adequacy of 
blanching was predetermined using peroxidase inactivation as a cri-
terion (Morris, 1958). 
Freeze dehydration of the blanched cabbage was conducted by 
freezing at -30°C followed by water sublimation at 58°C, under 1 mm 
Hg pressure for 16 hours. 
Determination of Isothiocyanate Content 
The amount of isothiocyanate was determined in the freeze de-
hydrated samples by measuring two basic groups of isothiocyanate 
derivatives: (a) thiourea, a stable form of isothiocyanates expressed 
as equivalents of butylisothiocyanate (Wetter and Youngs, 1976), and 
(b) ionic thiocyanate, an unstable isothiocyanate, measured and re-
ported as equivalents of 3-methylindolylisothiocyanate (Josefsson, 
1968). The myrosinase enzyme preparation required for isothiocyanate 
determination was made from yellow mustard seed (McCormick Company, 
Inc., Baltimore, [·~aryl and) according to Appelqvist and Josefsson 
(1967). 
Isolation of Cabbage Enzyme 
Cabbage (12 pounds) was comminuted (Comminuting Machine-Model D, 
Screen No. lA, W. J. Fitz Patrick Company, Chicago, Illinois) and the 
puree was filtered through filter paper, the juice was collected, and 
the pulp discarded. The enzyme was precipitated by saturating it 
with (NH4)2so4 and was sedimented at 15,000 X g for 10 minutes. The 
pellet was dialyzed against distilled water for 72 hours and the 
dialyzate was freeze dehydrated. Enzyme preparation was conducted 
at 4°C and was stored at -l9 °C. Yield of enzyme powder was 0.9 g 
per 100 g cabbage. 
Enzyme Treatment for Blanched Samples 
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The blanched and freeze dehydrated sample was added to water in 
which the cabbage enzyme preparation was dissolved. The amounts of 
water and enzyme employed were equivalent to the corresponding amounts 
present in fresh cabbage. The sample was allowed to rehydrate for 2 
hours. The enzyme solution not utilized for rehydration was collected. 
An additional 25 ml water were added to this solution which was then 
brought to a boil. The rehydrated cabbage (set aside earlier) was 
cooked in this boiling solution for 3 minutes. The cabbage samples 
were then drained and served to a taste panel. 
Analytical Procedures 
Reduced ascorbic acid (RAA) and dehydroascorbic acid (DAA) were 
determined by the methods of Ruck (1963) and Roe and Oesterling 
(1944), respectively. Total chlorophyll was analyzed by the treat-
ments of Vernon (1960), Sweeney (1970), and Association of Official 
Agricultural Chemists (1975). The pH of the samples was read on a 
Beckman, Expandomatic SS-2, pH meter. The color values of the 
homogenized cabbage were measured with a Hunter Color and Color-
Difference Meter using a green Hunter laboratory standard plate No. 
C2-2784 (L = 64.4, a= -14.5, b = 5.5) to standardize the instrument. 
Shear values were determined by a shear press machine (Bridge Food 
r~achinery Company, Philadelphia, Pennsylvania). Chemical analyses 
were performed in triplicate. 
Subjective Analyses 
Flavor, texture, color, and acceptability of the cooked samples 
were evaluated by a trained panel of 12 judges using the hedonic 
scale. The scale ranged from 1 to 9, representing extremely disliked 
and extremely liked samples, respectively. The cooking procedures 
varied depending on the condition of the sample prior to cooking. 
Fresh cabbage 
Cut, fresh cabbage (300 g) was cooked uncovered in 1600 ml of 
boiling water for 3 or 10 minutes and held in the food warmer at 82 °C 
for different durations before serving to the taste panel. 
Blanched and frozen cabbage 
The sample (250 g) was thawed at room temperature (22 °C), 25 ml 
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of boiling water was added to it, and the sample was brought to a boil. 
The vegetable was cooked uncovered for 3 minutes, drained, and served. 
Blanched and freeze-dehydrated cabbage 
The sample (14 g) was rehydrated with 186 ml of distilled water 
for 2 hours. (Moisture content of the fresh cabbage was 93 percent.) 
To the water not used in rehydration, 25 ml of additional water was 
added after removal of the rehydrated cabbage. The water was brought 
to a boil, and the cabbage was boiled uncovered for 3 minutes. 
RESULTS AND DISCUSSION 
Flavor Enhancement with a Formula (FLVR) Consisting 
of Monosodium Glutamate and 5'-Nucleotides 
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The data in Tables 16 and 17 demonstrate the variation in quality 
attributes with the concentration of FLVR in the blanching solution. 
The FLVR formula included MSG, 5'-IMP, and 5'-GMP in the proportions 
of 95:2.5:2.5. This FLVR composition has been reported to be eco-
nomical and effective (Kuninaka, 1964). No attempt was made in this 
work to evaluate the effects of change in composition of FLVR in-
gredients on the flavor of the final product. Prior to the selection 
of optimum FLVR concentrations for blanching, suitable concentrations 
of CaC1 2 and NaHC0 3 were defined. Calcium insolubilizes and constrains 
the pectin polymers and also assists in the bonding of pectin mol-
ecules to other components of the cell walls (Van Buren, 1973). Tex-
tural characteristics of solution- and steam-blanched cabbage were 
liked by the panelists when the respective blanching solutions con-
tained 0.1 percent CaC1 2. Similarly, preliminary experiments indicated 
that NaHC0 3 treatment at 0.05 and 0.5 percent levels for solution and 
steam blanching, respectively, improved the appeal for the processed 
cabbage. 
During blanching in solution, the product obtained at FLVR con-
centration of 0.25 percent was ranked higher for flavor than the 
products blanched at other levels of FLVR (Table 16). 
Table 16. Physical characteristics and quality acceptance score?of cabbage samples blanched with a 
solution containing 0. 5 percent NaHC03 qnd 0.1 percent CaC1 2 in the presence of varying levels of flavor enhancers (FLVR) 
FLVR Shear value Hunter Color and Color- Difference Meter Subjective analy:sis concentration lb/in2/50 g Reflectance Greenness Yellowness Color Flavor Texture Overall % (L) (a) (b) quality 
0 247.3 ± 39 .8 55.3 ± 0.8 ·7.7 ± 0.6 15.7 ± 1.6 6.5 ± 1.6 6.4 ± 1.1 7.1 ± 0.7 6.8 ± 1.0 
0.10 251.0 ± 38.7 51 .5 ± 0.4 ·8 .6 ± 0.2 16.7 ± 1.5 6.6 ± 1.3 6.4 ± 1.2 7.0 ± 1.1 6 .6 ± 1.0 
0 .15 254.3 ± 17 .6 52 .2 ± 2.6 ·8.3 ± 0.2 17 .7 ± 1.0 6.8 ± 0 .9 6.8 ± 1.1 7.3 ± 0.9 6 .8 ± 0 .6 
0.20 253.3 ± 34.0 52 .8 ± 2.5 ·8.4 ± 0 .1 16.7 ± 2.5 6 .8 ± 0 .7 6 .7 ± 1.2 7.0 ± 0.9 6 .3 ± 0.9 
0 .25 242 .7 ± 36.7 55 .6 ± 1.1 ·8.3 ± 0.4 15 .6 ± 1.2 7.1 ± 1.1 7.0 ± 0 .8 7.2 ± 0 .6 7.1 ± 0 .6 
0.30 251.7 ± 41 .1 52 .3 ± 2.4 ·8.5 ± 0 .2 16.8 ± 1.9 7.1 ± 0.7 6.9 ± 0.8 7.2 ± 0.7 6 .8 ± 0.8 
LSD at 0 .05 level 63.3 3.3 5 .7 3.0 0.9 0.8 0 .7 0 .7 
Note : Shea r values were determined by a shear press meter. Acceptance scores for color , flavor , texture, and overall quality represent evaluation by 12 
trained panelists. FLVR consisted of monosod ium glutamate, 5'- IMP, and 5'-GMP in the proportions of 95 :2.5:2.5, respectively . 
aMean ± S.D. · 
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Table 17. Physical characteristics and quality acceptance scoresaof cabbage samples soaked and 
vacuumed in solutions of 0.5 percent NaHC03 and 0.1 percent CaCl2 at different concentra-
tions of flavor enhancers (FLVR) prior to steam blanching 
--
FLVR Shear value Hunter Color and Color-Difference Meter Subjective analysis 
concentration lb/in2/50 g Reflectance Greenness Yellowness Color Flavor Texture Overall % (L) (a) (b) quality 
0 223.3 ± 20.8 49.0 ± 1.1 -8.3 ± 0.3 15.7 ± 0.5 6.7 ± 1.4 6.3 ± 1.4 7.0 ± 0.9 6.7 ± 1.4 
0.10 183.3 ± 41.6 51 .2 ± 1.4 -8 .9 ± 0.2 16.0 ± 0.6 6.3 ± 0.9 6.6 ± 1.1 7.1 ± 1.1 6.8 ± 0.7 
0 .15 240.0 ± 25 .0 51.9 ± 1.4 -8.4 ± 0.3 15.6 ± 0.6 6.4 ± 0.9 6.8 ± 1.1 7.0 ± 0.9 6.6 ± 1.1 
0.20 213.0 ± 51 .3 49.8 ± 2.0 -8 .3 ± 0.2 15.8 ± 0.8 6.9 ± 0.9 6.7 ± 1.1 7.0 ± 1.0 6.8 ± 0.9 
0.25 196.7 ± 51 .3 51.0 ± 1.4 -8.6 ± 0.3 15.6 ± 0.4 6.4 ± 1.2 6.9 ± 1.2 6.8 ± 1.0 6.7 ± 1.5 
0.30 206.7 ± 30 .6 50.9 ± 1.6 -8 .6 ± 0.5 15.7 ± 0.5 7.1 ± 1.1 7.3 ± 1.0 6.9 ± 1.0 7.1 ± 1.0 
LSD at 0.05 level 56.2 2.7 0.5 1.0 0 .8 0 .9 0 .8 0.6 
Note: Two hundred g cabbage sample were soaked and vacuumed in 1200 ml of FLVR solution for 5 minutes. The cabbage sample was then steam 
blanched for 3 minutes and cooled in an air blast freezer for 1 minute. FLVR contained monosodium glutamate, 5'-IMP, and 5'-GMP in the 
proportions of 95:2.5 :2.5, respectively _ 
aMean ± S.D. 
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For the steam-blanched product, maximum flavor potentiation 
occurred at the 0.3 percent level of FLVR in the blanching solution 
(Table 17). 
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The incorporation of salt has a favorable effect on flavor when 
used in conjunction with the flavor enhancers. From the standpoint 
of the flavor of the final product, salt has a harmonizing effect 
with MSG and has a synergistic effect with s•-nucleotides (Kuninaka, 
1964). It is evident from the data in Tables 18 and 19 that further 
improvement in flavor was sought by the incorporation of salt into 
the earlier optimized formulas for blanching solutions. For cabbage 
blanched in solution, a 1 percent level of NaCl in the blanching 
solution was optimum (Table 18). For the steam-blanched product, 
although overall quality was better at the 1.5 percent NaCl level, 
flavor accentuation and greenness was considered optimum at the 3 
percent NaCl concentration (Table 19). Such addition of NaCl had a 
deteriorating effect on the firmness of the product, as suggested 
by the objective shear values. The loss of firmness as indicated by 
the objective shear values, however, was not perceived by the taste 
panelists as an attribute for the inferior texture. Subjective 
analysis by the panelists resulted in higher values for the textural 
qualities of cabbage steam blanched in the presence of salt (Table 19). 
Influence of Storage on the Results of Objective Analysis 
and Retentions of Chlorophyll and Ascorbic Acid 
The data in Tables 20-22 indicate the effects of one year of 
storage at -l9°C on the blanched cabbage. The blanched and 
Table 18. Physical characteristics and quality acceptance scores for cabbage samples blanched with a 
solution containing 0.05 percent NaHC03, 0.1 percent CaC1 2, and 0.25 percent flavor 
enhancers (FLVR) at different concentrations of NaCla 
NaCI Shear value Hunter Color and Color-Difference Meter Subjective anal~sis 
concentration lb/in2/50 g Reflectance Greenness Yellowness Overall % (L) (a) (b) Color Flavor Texture quality 
0 278 ± 87.8 52.3 ± 0.8 -7.1±0.3 14.33 ± 0.4 6.7 ± 1.2 6.6 ± 1.8 6.5 ± 1.8 6.8 ± 1.3 
0.5 220 ± 36.1 51.1 ± 2.0 -7 .5 ± 0.9 13.42 ± 0.3 7.0 ± 1.2 6.8 ± 1.1 7.3 ± 1.2 6.8 ± 1.0 
1.0 230 ± 39.1 54.8 ± 3.1 -7.6 ± 0.7 11.61 ± 0.4 7.3 ± 0.8 7.3 ± 1.0 6.8 ± 0.7 7.2 ± 0.7 
1.5 220 ± 19.0 50.5 ± 0.8 -7.7 ± 0.4 11 .21 ± 0.2 6.9 ± 1.1 6.8 ± 1.1 6.7 ± 1.5 6.8 ± 0.8 
2.0 176 ± 16.7 53.3 ± 0.8 -7.7 ± 0.6 14.63 ± 0.4 7.0 ± 0.8 6.1 ± 1.5 6.5 ± 1.4 6.3 ± 1.3 
2.5 182 ± 20.3 52 .5 ± 0.8 -7.3 ± 0.2 11 .21 ± 0.3 6.7 ± 1.3 5.9 ± 1.3 6.2 ± 1.3 6.1 ± 1.3 
LSD at 0.05 level 78.2 3.0 1.0 0.6 0.9 1.1 1.1 0.9 
Note : Means with different superscripts are significantly different (P < 0.05); mean ±S.D. 
aTwo hundred g cabbage sample was soaked and vacuumed in 1200 ml of 0.025 percent NaHco3 solution for 5 minutes. The cabbage sample was then 
blanched in 1200 ml of treatment solution for 3 minutes and cooled in an air blast freezer for 1 minute. Shear values were determined by a shear press 
meter. Acceptance scores for color, flavor, texture, and overall quality represent evaluation by 12 trained panelists. F LV R contained monosodium 
glutamate, 5'-IMP, and 5'-GMP in the proportions of 95:2.5 :2.5, respectively. 
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Table 19. Physical characteristics and quality acceptance scores for cabbage samples soaked and 
vacuumed in solutions of 0.5 percent NaHC03, 0.1 percent CaCl 2, and 0.3 percent flavor 
enhancers (FLVR) at different concentrations of NaCla 
NaCI Shear value Hunter Color and Color-Difference Meter Subjective anall'sis 
concentration lb/ in2 /50 g Reflectance Greenness Yellowness Color Flavor Texture Overall % (L) (a) (b) quality 
0 373.33 ± 50.3 52.5 ± 0.6 -7 .9 ± 0.7 15.3 ± 0.6 6.2 ± 1.3 6.4 ± 1.2 6.3 ± 1.2 6.2 ± 1.4 
1.0 336.73 ± 35 .1 50.7 ± 2.3 -8.6 ± 0.6 16.3 ± 0.4 6.7 ± 1.2 6.8 ± 0.8 7.4 ± 0 .8 7.0 ± 0 .6 
1.5 296.72 ± 41 .6 52 .7 ± 1.0 -8.4 ± 0.7 16.1 ± 0.6 6.8 ± 1.2 6.9 ± 1.0 7.2 ± 0.8 7.2 ± 1.1 
2.0 226.71 ± 30.6 51 .1 ± 0.8 -8.9 ± 0.3 16.2 ± 0.4 7.0 ± 1.0 6.8 ± 1.0 7.0 ± 1.2 6.8 ± 1.1 
3.0 260 .01 ± 43 .6 50.3 ± 1.7 -8.7 ± 0.6 15.8 ± 0.6 7.2 ± 1.3 7.1 ± 1.3 7.2 ± 1.3 7.0 ± 1.1 
4.0 253.31 ± 35.1 53.4 ± 1.2 -8.0 ± 0.6 15.2 ± 0.6 7.3 ± 1.2 6.7 ± 1.2 6.7 ± 1.9 6.5 ± 1.2 
------------------------------------ - ---- - ------------------------
LSD at 0.05 level 71.0 2.5 1.0 1.0 1.0 0.9 1.0 0.9 
Note: Means with different superscripts are significantly different (P < 0.05) ; mean ± S.D. 
aEach 200 g cabbage sample was soaked and vacuumed in 1200 ml t reatment solution . The cabbage sample was steam blanched for 3 minutes and cooled 
in an air blast freezer for 1 minute . FLVR contai ned monosodium glutamate, 5'-IMP, 5'-GMP in the proportions of 95 :2.5 :2 .5, respectively . 
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freeze-del1ydrated sample group stored at -l9°C serves as the storage 
control group for comparison. The results in Table 21 indicate that 
no significant chloropl1yll degradation occurred during storage at 
-l9°C. Tl1e greenness values in Table 20 corroborate the conclusion. 
The data in Table 22 report that the change in ascorbic acid 
content of blanched cabbage during storage was statistically insig-
nificant. Thus it is clear that during storage at low temperature 
(-l9°C) no major chemical changes occurred in the freeze-dehydrated 
samples and they can be treated as if they were freshly processed 
vegetables (zero storage time). 
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Based upon the inference drawn above for the freeze-dehydrated 
sample, the data in Table 22 lead to the following observations: The 
freeze-dehydrated control samples blanched in solution lost about 17.5 
percent of their ascorbic acid. During frozen storage, the ascorbic 
acid content of cabbage blanched in solution decreased from 28.5 mg 
percent (zero time storage) to 22.4 mg percent (1 year storage), 
registering a loss of 21.4 percent. The loss was 17.9 percent for 
the steam-blanched sample. The noted loss of ascorbic acid was prob-
ably due to leaching and storage. 
Effects of Cooking Conditions 
The extent of cooking has a profound influence in modifying the 
flavor of even fresh vegetables. The effects of cooking and holding 
(at 82.5°C) time on acceptability of fresh cabbage were evaluated 
(Table 23). Quality attribute scores for cabbage cooked for 3 and 
10 minutes are shown in Figures 8 and 9, respectively. Comparison 
Table 20. Effects of storage for one year at -l9°C on the physical characteristics of cabbage samples 
blanched in the presence of the treatment solutions containing flavor enhancers, NaHC0 3, CaC1 2, and NaCl prior to steam blanching 
Sample description 
Fresh cabbage 
Frozen cabbage 
Solution blanching 
(i) Control 
(ii) With treatment solutionb 
Steam blanching 
(i) Control 
(ii) With treatment solutionC 
Freeze-dehydrated cabbage 
Solution blanching 
(i) Control 
(ii) With treatment solutionb 
Steam blanching 
(i) Control 
(ii) With treatment solutionC 
LSD at 0 .05 level 
Product 
pH a 
6.6 
6.2 
7 .5 
6.4 
6.4 
6.2 
7.4 
6.2 
6.2 
Hunter Color and Color-Difference Meterd Shear valued Reflectance Greenness Yellowness lb/in2/50 g (L) (a) (b) 
45 .2 ± 13.0 -10.5 ± 1.7 18.5 ± 2.4 823 .3 ± 30.6 
51.9 ± 0.4 -24.7 ± 2.4 21 .3 ± 0 .2 380.0 ± 10.0 
50 .9 ± 0.4 -31 .3 ± 1.8 25 .1 ± 1.2 350.0 ± 60.1 
55 .7 ± 0.3 -18.7 ± 2.1 20.5 ± 4 .1 406 .0 ± 38 .6 
54 .9 ± 0.6 -21 .7 ± 0 .8 18.3 ± 1.1 441 .3 ± 58.1 
56.6 ± 0.4 -16.1 ± 2 .1 10.8 ± 1.6 316 .2 ± 42 .7 
55 .0 ± 1.2 -20.6 ± 1.6 19.0 ± 9.3 298.0 ± 27.5 
57.0 ± 2.6 -18.2 ± 0.4 15.4 ± 4.5 303.2 ± 21.8 
54 .3 ± 1.4 -21.7 ± 0 .9 15.9 ± 7.4 322 .0 ± 16.07 
2.1 3.2 3.0 66.6 
apH of a slurry obtained after blending of a 50 g sample in 50 ml distilled water. 
bEach 200 g cabbage sample was vacuum impregnated with 1200 ml of 0.05 percent NaHC03 for 5 minutes. The cabbage sample was then blanched in 
1200 ml boiling solution containing 0.1 percent CaCI2, 1 percent NaCI , and 0.25 percent flavor enhancing solution (FLVR) . FLVR has monosodium 
glutamate, 5'-IMP, and 5'-GMP in the proportions of 95:2 .5 :2 .5, respectively . 
cEach 200 g cabbage sample was vacuum impregnated for 5 minutes in a 1200 ml solution containing 0 .5 percent NaHC03, 0.1 percent CaCI2, 3 per-
cent NaCI, and 0.3 percent flavor enhancing solution (FLVR) . The cabbage sample was then steam blanched for 3 minutes and cooled . 
dMean ± S.D . 
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Table 21. Effects of storage fo r one year at -l9°C on chlo rophyll retention of cabbage samples blanched 
in the presence of the treatment solutions containing flavo r enhancers, NaHC0 3, CaCl 2, and NaCl 
Treatment 
Fresh cabbage 
Frozen 
Blanching in solution : control 
solutiona 
Blanch ing in steam : control 
solutionb 
Freeze-dehydrated 
Blanching in solution: control 
solutiona 
Blanching in steam : control 
solut ionb 
LSD at 0.05 level 
Total chlorophyll concentrationC 
(mg/ L) 
AOAC 
4.04 ± 0.80 
2.52 ± 0.57 
2.60 ± 0.54 
2.00 ± 0.39 
2.17 ± 0.54 
2.70 ± 0.29 
2.73 ± 0.59 
2.54 ± 0.43 
2.62 ± 0.45 
0.84 
Total chlorophyll retentionC 
(%) 
Vernon Sweeney 
58 .09 ± 23.10 56.33 ± 12.46 
34 .32 ± 7.21 45 .19 ± 7.48 
42.44 ± 3.21 57 .17 ± 14.72 
33.64 ± 4.99 28.61 ± 2.56 
46.99 ± 5.52 47 .57 ± 3.57 
33.96 ± 4.47 42 .50 ± 4.20 
44.19 ± 6.13 55 .57 ± 9.59 
43.22 ± 7.39 26.04 ± 10.47 
48.03 ± 9.63 32 .68 ± 9 .03 
10.99 13.69 
aEach 200 g cabbage sample was vacuum impregnated with 1200 ml of 0.05 percent NaHC03 fo r 5 minutes. The cabbage samples were then blanched in 
1200 ml boiling solution containing 0.1 percent CaCI2, 1 percent NaCI , and 0.25 percent flavor enhancing solution (FLVR) . FLVR has monosodium 
glutamate 5'- IMP and 5'-GMP in the proportions of 95 :2.5 :2.5, respectively . 
bEach 200 g cabbage sample was vacuum impregnated fo r 5 minutes in a 1200 ml solut ion containing 0.5 percent NaHC03, 0.1 percent CaCI2, 3 percent 
c NaCI , and 0.3 percent flavor enhancing solution (FLVR) . The cabbage samples were then steam blanched for 3 minutes and cooled . 
Mean ± S.D. 
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Table 22. Effects of storage for one year at -l9°C on the ascorbic acid content of cabbage samples 
blanched in the presence of treatment solutions containing flavor enhancers, NaHC03, CaC1 2, and NaCl 
Chemical 
treatment 
Fresh cabbaged 
Frozen 
---
Control 
Solution 
Freeze-dehydrated 
Control 
Solution 
LSD at 0.05 level 
Blanching in solutionD 
mg/ 1 00 g cabbage 
Reduced 
ascorbic 
acid 
34 .83 ± 9 .81 
22.29 ± 0.68 
21.67 ± 1.57 
28.81 ± 0.32 
28 .39 ± 0.28 
3.87 
Dehydro 
ascorbic 
acid 
Total 
ascorbic 
acid 
0.22 ± 0.00 35.04 ± 9 .81 
0.722 ± 0.01 23.01 ± 0.68 
o. n2 ± o.oo 22 .39 ± 1.57 
0.111 ± 0.0 1 28.92 ± 0.33 
0.111 ± 0.0 1 28.50 ± 0.28 
0.08 3.76 
Ascorbic acid contenta 
% 
Retention 
of Reduced 
ascorbic ascorbic 
acid acid 
100.00 
64.78 31.79 ± 5.36 
62.98 26.29 ± 2.86 
82.53 36 .80 ± 0 .12 
81 .34 34.82 ± 0.09 
3.87 
Steam blanchingc % 
mg/ 100 g cabbage Retention 
Dehydro Total of 
ascorbic ascorbic ascorbic 
acid acid acid 
1.593 ± 0 .06 33.38 ± 5.11 93.32 
1.934 ± 0.12 28.23 ± 2.91 81 .91 
0.1 11 ± 0.01 36.91 ± 0.13 105.34 
0.131 ± 0 .01 34.95 ± 0.09 99.74 
0 .08 3.76 
Note : Means with different superscripts are significantly different (P < 0 .05) ; mean ± S.D. 
aRepresents amount of ascorbic acid after correcting fo r the recovery factors . 
bEach 200 g cabbage sample was vacuum impregnated with 1200 ml of 0.05 percent NaHC03 fo r 5 minutes. The cabbage sample was then blanched in 
1200 ml boiling solution containing 0.1 percent CaCI2, 1 percent NaCI, and 0.25 percent flavo r enhancing solution (FL VR ). The flavor enhancer con-
tained monosodium glutamate, 5'-IMP, and 5'-GMP in the proportions of 95:2 .5 :2.5 , respectively. 
cEach 200 g cabbage sample was vacuum impregnated for 5 minutes in a 1200 ml solution containing 0.5 percent NaHC03, 0 .1 percent CaCI2, 3 percent 
NaCI, and 0.3 percent flavor enhancing solution (FLVR). The cabbage sample was then steam blanched for 3 minutes and cooled . 
dF resh cabbage was freeze-dehydrated and sea led under a vacuum of 25 inch Hg. in No.2% size tin cans with packages of dessicant. The sample was 
stored at -19°C until analysis. 
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indicates that significant deterioration occurred in color, flavor, 
and texture of the product when cooking was continued for 10 minutes. 
The flavor difference between properly cooked and overcooked cabbage 
has been defined in terms of the percentage abundance of different 
volatiles (Macleod and Macleod, 1968), especially of allyl isothio-
cyanate, allyl cyanide, dimethyl disulfide (Hacleod and Macleod, 
197Gb; ~acleod, 1970), and dimethyl trisulfide (Maruyama, 1970). 
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Allyl isothiocyanate is a desirable flavor constituent of cabbage. 
However, an increase in abundance of allyl i sothi ocyanate (higher than 
6.5 percent of the volatiles) and allyl cyanide (higher than 3.0 
percent of the volatiles) in ·the overcooked cabbage leads to the un-
p 1 easant flavor. Allyl cyanide and allyl i sothi ocyanate are both 
formed from a common precursor, sinigrin; the former is probably formed 
by thermal degradation and the latter by the action of the enzyme, 
myrosinase. The work reported in Part I indicated that the cabbage 
contained 4.9 mg percent iron. The presence of iron facilitates 
cyanide production (Macleod, 1970). Macleod and ~acleod (197Gb) 
noted that 90-minute cooking increased allyl cyanide content by 7.5-
fold. Although chemical characterization of the volatiles by Mac-
Leod and Macleod (197Gb) revealed the 10-minute cooking duration as 
optimum, the taste panel evaluation in this work indicated that the 
cabbage was overcooked in 10 minutes. 
Our results also suggested that the holding of cooked cabbage 
samples at 82.5°C led to deterioration in quality. Lowering of flavor 
quality during holding at 82.5°C may be explained in terms of the 
production of saturated aldehydes and the sulfides (Macleod and 
Table 23. Quality acceptance scorefof fresh cabbage samples which were cooked in boiling water for 
3 and 10 minutes and then kept in a food warmer at 82.5°C for varying durations 
Warming time Color Flavor Texture Overall gualit~ 
(minutes) 3 min. 10 min . 3 min. 10 min. 3 min. 10 min. 3 min. 10 min. 
0 7.3 ± 1.1 6.7 ± 1.2 7.2 ± 1.9 6.2 ± 2.0 6.7 ± 1.6 5.3 ± 2.5 6.8 ± 1.2 6.1 ± 1.9 
30 6.8 ± 1.6 6.1 ± 1.4 6.8 ± 1.3 5.4 ± 1.2 6.6 ± 1.6 5.1 ± 2.0 6.3 ± 1.6 5.3 ± 2.1 
60 6.6 ± 1.8 5.8 ± 1.4 6.3 ± 1.1 5.4 ± 1.4 6.5 ± 1.4 5.1 ± 1.4 6.2 ± 1.3 5.3 ± 1.2 
90 6.2 ± 1.5 5.6 ± 1.8 6.1 ± 1.6 5.6 ± 1.3 5.8 ± 1.6 5.1 ± 2.2 5.8 ± 1.4 5.8 ± 1.3 
120 6.0 ± 1.4 5.4 ± 1.7 5.7 ± 1.1 4.9 ± 1.8 5.5 ± 1.4 4.7 ± 2.5 5.3 ± 0.9 5.1 ± 1.6 
LSD at 0.05 level 1.2 1.2 1.5 1.2 
a Acceptance scores assigned by a taste panel consisting of 12 trained judges; mean ± S.D. 
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Figure 8. Quality acceptance scores of cabbage samples cooked in boiling water for 3 minutes 
and then kept in a food warmer at 82.5°C for 0-120 minutes. 
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Figure 9. Quality acceptance scores of cabbage samples cooked in boiling water for 10 minutes 
and then kept in a food warmer at 82.5°C for 0-120 minutes. 
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Macleod, 1968). The assignment of higher flavor scores for cabbage 
samples warmed for 90 minutes (5.G) than for 30 or 60 minutes (5.4) 
[Figure 9 and Table 23], although seemingly contrasting, was statis-
tically insignificant. It seems that the extent of chlorophyll 
degradation was higher as the cooking or holding was prolonged. Work 
reported in Part I suggested probable conversion of chlorophyll to 
pheophytin at the pH of the water in which the cabbage was being boiled 
(pH = 6.5). Textural loss during extended processing treatment may 
be due to the destruction of the intracellular barriers and also to 
the increased conversion of insoluble protopectin to soluble pectin 
during the heat treatment. 
"Cabbage Enzyme" Addition and its Effects 
The results of the addition of cabbage enzyme(s) to the blanched 
and freeze-dehydrated cabbage are presented in Tables 24 and 25. In 
addition to evaluation of color, flavor, odor, and texture, the 
panelists were requested to score samples for the "cabbage flavor 
intensity." The cabbage flavor intensity vJas evaluated on a scale 
from 1 (no cabbage flavor) to 9 (strong cabbage flavor), with steam-
blanched fresh cabbage as a control with a value of 5. The results 
indicate that significant improvement in flavor, color, overall quality, 
and cabbage flavor intensity occurred when the respective samples were 
treated with the enzyme(s). The observed improvement in cabbage flavor 
intensity, with the addition of the enzyme preparation, was in agree-
ment with Bailey et al. (1961) and Schwimmer (1963). Although enzyme 
addition t~ the blanched, freeze-dehydrated samples simulated the 
Table 24. Effects of solutiona treatment and cabbage enzyme preparation on the quality attributes of 
cabbage blanched in solution 
Overall Cabbage Treatment Color Flavor Texture Odor quality flavor intensity 
i. Fresh cabbage (blanched with water) 6.93 ± 0 .9 5.52 ± 2.1 6 .53 ± 1.3 6 .02 ± 1.1 6.43 ± 1.2 5.3 ± 2 .1 
ii . Sample (freeze-dehydration)b blanched in water 4.81 ± 1.6 3 .31 ± 1.8 3.41 ± 1.5 4.41 ± 1.3 2.81 ± 1.2 4.3 ± 2.5 
iii. Sample (freeze-dehydration)b blanched in solutiona 5.62 ± 1.7 3.61 ± 1.6 3.81 ± 1.5 4.4 1 ± 1.4 3 .6 1 ± 1.5 4.7 ± 1.9 
iv. Fresh cabbage blanched in solutiona 7.03 ± 1.0 6.13 ± 1.9 4.72 ± 2.1 6.33 ± 1.2 5.13 ± 1.3 4.7 ± 1.7 
v. Treatment of sample (ii) with the cabbage 
5 .92 ± 1.7 enzyme preparation prior to blanchingb,c 4.42 ± 1.9 3.71 ± 2 .1 5.42 ± 1.4 4.02 ± 1.7 4.2 ± 1.7 
vi . Treatment of sample (iii) with the cabbage 
enzyme preparation prior to blanchingb,c 6.02 ± 1.1 4 .82 ± 2.1 4.21 ± 4.1 5.82 ± 1.4 4.32 ± 1.9 5.3 ± 1.8 
----------------------------------- ------- --- - --------------------
LSD at 0.05 level 0 .9 1.1 1.1 0.8 1.0 1.2 
Note : Means with different superscripts are significantly different (P < 0 .05); mean ± S.D. 
acomposition of chemical solution : 0.05 percent NaHC03, 1 percent NaCI, 0.1 percent CaCI2, and 0.25 percent flavor enhancers (MSG :5'-IMP:5'GMP :: 
95:2 .5 :2 .5). 
bsample rehydrated for 2 hours prior to the exposure to boiling water . 
cTreatment with enzyme preparation isolated from fresh cabbage. 
(j) 
0 
Table 25. Effects of solutiona treatment and cabbage enzyme preparation on the quality attributes of 
the steam-blanched cabbage 
Overall Cabbage 
Treatment Color Flavor Texture Odor quality flavor intensity 
i. Fresh cabbage (blanched in steam) 6.83 ± 1.0 5 .82 ± 1.6 6 .33 ± 1.8 5 .62 ± 1.1 5.93 ± 1.6 5.0 ± 2.1 
ii . Steam blanched sample (freeze dehydrated)b 4 .51 ± 1.6 4.41 ± 1.7 3 .51 ± 1.4 5 .01 ± 1.2 3.91 ± 1.8 4 .3 ± 1.7 
iii . Solution-treated , steam-blanched samplea 
4 .31 ± 2.0 (freeze-dehydrated) b 4.31 ± 1.8 3.61 ± 0 .0 4 .81 ± 1.1 3.81 ± 1.7 4 .5 ± 2 .2 
iv . Fresh cabbage, solution-treated, steam-blancheda 7.23 ± 1.4 7.43 ± 1.5 6.23 ± 1.8 6.9 3 ± 1.6 6 .83 ± 1.7 6.3 ± 2 .3 
v. Treatment of sample (ii) with the cabbage enzyme 
5.82 ± 1.5 4 .82 ± 2.4 4.72 ± 2.5 preparation prior to blanchingb,c 4 .82 ± 2.3 5 .2 1 ± 2.4 5.3 ± 2 .3 
vi . Treatment o f sample (iii) with the cabbage 
5 .32 ± 2.0 4 .82 ± 2.0 5.1 1 ± 2.0 enzyme preparation prior to blanchingb ,c 5.02 ± 2.1 4.82 ± 2.4 5 .2 ± 2. 1 
------- - --------------- - --------------------------- - --------------
LSD at 0 .05 level 0.9 1.1 1.1 0.8 1.0 1.2 
Note: Means with different superscripts are significa ntly d iffe rent (P < 0 .05); mean ± S.D. 
acabbage samples were soaked and vacuum impregnated for 5 minutes prio r to steam blanching in chemical solution containing 0 .5 percent NaHC03 , 
3 percent NaCI, 0.1 percent CaCI2 and 0.3 percent flavor enhancers (MSG :5'-IMP :5 '-GMP ::95:2 .5 :2 .5). 
bsample rehydrated for 2 hours pnor to the exposure to boiling water . 
CTreatment with enzyme preparation isolated from fresh cabbage. 
0) 
--' 
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blanched fresh cabbage for cabbage flavor intensity, the panelists 
ranked the enzyme-added samples lower than the blanched fresh cabbage 
samples for flavor and overall quality. It seemed evident that 
although enzyme addition may produce the characteristic cabbage flavor, 
simulation of the distinctive features of the freshly blanched vege-
table may be irreproducible. Comparison of corresponding values in 
Tables 24 and 25 confirms significant improvement in the flavor of 
blanched fresh cabbage due to the incorporation of MSG, 5'-nucleotides, 
and NaCl in the blanching solution. The taste panel judges consist-
ently remarked on the objectionable flavor in the rehydrated samples. 
~1acLeod and MacLeod ( 1970a) have identified the fl aver vo 1 ati 1 es of 
dehydrated cabbage. Based upon their work, the objectionable flavor 
may be explained in terms of the loss of hexenal (over 95 percent) and 
isothiocyanate (over 95 percent) compounds and from the increase in 
the nitrile (over 8-fold) and alcohol (over 10-fold) derivatives. 
Isothiocyanate Content of Cabbage 
Having confirmed a role of the enzyme(s), myrosinase(s), in 
flavor production, subsequent experiments were designed to determine 
the levels of the substrates, mainly isothiocyanates. The data in 
Table 26 report the isothiocyanate content in fresh and processed 
cabbage, expressed as n-butyl and 3-indolylmethyl derivatives of 
isothiocyanate. In fresh cabbage, the concentrations of the butyl 
and indolylmethyl derivatives of isothiocyanate vJere 4.91 and 6.4 
mg/100 g fresh weight, respectively. The corresponding values of 
these two derivatives were 2 (butyl derivative) and 7 (indolylmethyl 
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derivative) when Mullin and Sahastrabudhe (1978) analyzed the same 
variety of cabbage. The higher (145 percent) concentration of gluco-
sinolate that formed the stable isothiocyanate in our sample must 
have been crop specific. Isothiocyanates analyzed as ~-butyl deriva-
tives include sinigrin, the substrate which forms allylisothiocyanate 
subsequent to myrosinase action; therefore, from the standpoint of the 
characteristic cabbage flavor, the higher butyl derivative-yielding 
cabbage is a preferred crop. 
Josefsson (1967) has listed 10 isothiocyanates that are present 
in the green parts of cabbage. Although the hydrophilicity-
lipophilicity of these isothiocyanates differed, almost all of them 
were extractable in water. Hence, it was not surprising to note that 
the isothiocyanate content of the blanched vegetables was considerably 
lower. The loss of isothiocyanates cannot be attributed to the 
processing treatments, as these flavor precursors are repo r ted to be 
thermostable (Hewitt et al., 1956). 
Table 26. Glucosinolate content of cabbage blanched in the presence 
of the treatment solutions containing flavor enhancers 
NaHC03, CaC1 2, and NaCl 
Sample description 
Fresh cabbage 
Blanching in solution 
( i) Contra 1 ( b 1 anched with 
water) 
(ii) With treatmenta solution 
Steam blanching 
( i) Contro 1 ( b 1 anched with 
steam) b (ii) With treatment solution 
LSD at 0.05 level 
Glucosinolate contentc 
(mg/100 g fresh weight) 
analyzed as 
n-Butylisothio- 3-Indolylmethyl 
cyanate isothiocyanate 
4.91 ± 0.45 
3. 51 ± 0. 11 
3.36 ± 0.15 
3.71 ± 0.21 
3.62 ± 0.08 
0.27 
6.40 ± 0.75 
2. 71 ± 0. 50 
2. 33 ± 0. 31 
3.80 ± 0.20 
3.40 ± 0.40 
0.72 
aEach 200 g cabbage sample was vacuum impregnated with 1200 ml of 
0.05 percent NaHC03 for 5 minutes. The cabbage sample was then 
blanched in 1200 ml boiling solution containing 0.1 percent CaClz, 
1 percent NaCl, and 0.25 percent flavor enhancing solution (FLVR). 
The flavor enhancer has monosodium glutamate 5'-IMP and 5'-GMP in 
bthe proportions of 95:2.5:2.5, respectively. 
The 200 g sample was vacuum impregnated for 5 minutes in 1200 ml 
solution containing 0.5 percent NaHC03, 0.1 percent CaCl2, 3 per-
cent NaCl, and 0.3 percent flavor enhancing solution (FLVR). The 
cabbage sample was then steam blanched for 3 minutes and cooled and 
freeze-dehydrated. 
cr~ean ± s. 0. 
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SUM~1ARY 
The cabbage samples (Brassica oZeracea L. var. Late Glory) were 
subjected to steam blanching and blanching in solution. The blanching 
procedures were modified and further evaluated for their potential in 
offsetting the loss of desirable flavor during processing. 
The compositions of solutions for blanching were defined in terms 
of the concentrations of CaC1 2, NaHC03, flavor enhancers (FLVR), and 
NaCl. FLVR consisted of monosodium glutamate, 51 -inosinate, and 
51 -guanylate in the proportions of 95:2.5:2.5 . The optimum FLVR con-
centrations for solution and steam blanching were 0.25 and 0.3 per-
cent, respectively. Solution- and steam-blanched products lost 21.4 
and 17.9 percent of their ascorbic acid, respectively, when stored at 
-l 9° C in a frozen condition for 1 year. The fresh cabbage was 
analyzed for isothiocyanates and was found to contain 4.91 and 6.40 
mg percent of butyl and 3-methylindolyl derivatives of isothiocyanates, 
respectively . The processed cabbage was found to contain 3.36 and 
2.33 mg percent for the products blanched in solution and 3.62 and 
3. 40 mg percent for the steam-blanched samples of butyl and 3-
indolylmethyl derivatives of isothiocyanate, respectively. This de-
crease may explain the parallel decrease in 11 Cabbage flavor intensity 11 
in the processed cabbage samples. Although the addition of myrosinase 
(from fresh cabbage) to freeze-dehydrated cabbage improved 11 Cabbage 
flavor intensity, 11 acceptability of the product remained lovJer than 
for the fresh vegetable. 
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PART III 
EFFECTS OF BLANCHING ON THE QUALITY OF CABBAGE 
(BRASSICA OLERACEA L.) PROTEINS 
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INTRODUCTION 
In Parts I and II the effects of processing and storage on the 
nutrient retention in cabbage samples were reported and the means to 
improve acceptability of the processed cabbage were suggested. This 
chapter reports the effect(s) of processing on the proteins in 
cabbage. 
Although protein content in brassicaceous vegetables such as 
cabbage is lower than that in sources such as legumes, cruciferous 
vegetables still are rich sources of proteins among the major fruits 
and vegetables (Salunkhe, Pao, and Dull, 1973). Like legumes, the 
crucifers are not deficient in sulfur-containing amino acids. When 
compared with the rich source of plant proteins, peas and beans, the 
crucifers rate very favorably in biological value, digestibility, 
and net protein utilization (Salunkhe, Pao, and Dull, 1973). Protein 
quality, however, varies depending on the type and extent of the 
processing treatment. 
This section examines the effects of certain processing treat-
ments on the composition of cabbage proteins and on the in vitro 
availability of essential amino acids from them. 
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EXPERIMENTAL METHODS 
The Cabbage Samples 
Cabbage (Brassica oleracea L. var. Danish Ballhead) was thor-
oughly washed, cored, and quartered. Each quarter was cut into 2-inch-
wide pieces, separated, subjected to blanching, and freeze-dehydrated. 
The dehydrated cabbage was milled in a cyclone sample mill (Cyclo-TEC, 
Tecatur, Inc., Boulder, Colorado), and stored at 5°C. 
Blanching in Solution 
Cabbage samples were blanched in a solution containing 0.25 per-
cent flavor enhancers (FLVR), 0.05 percent NaHC0 3, 0.1 percent CaC1 2, 
and 1 percent NaCl. The composition of FLVR was 95 percent mono-
sodium glutamate, 2.5 percent disodium 51 -inosinate, and 2.5 percent 
disodium 51 -guanylate. The ingredients of FLVR were obtained from 
Ajinomoto Company, Inc., Tokyo, Japan. 
Experiments were also conducted separately with 0.5 percent 
malic acid, 0.025 percent EDTA, 0.05 percent NaHC0 3, and 1.2 percent 
NaCl to study the effects of different blanching treatments on the 
electrophoretic characterization of cabbage proteins. 
Steam Blanching 
The cabbage samples were vacuum impregnated with the chemical 
solution for 5 minutes at 25 inch vacuum, followed by steam blanching 
for 3 minutes. The chemical solution was composed of 0.3 percent 
FLVR, 0.5 percent NaHC0 3, 0. l percent CaCl 2, and 3 percent NaCl. 
Determination of Protein Content 
The semimicro-Kjeldahl method was used to quantitate the nitro-
gen content of the freeze-dehydrated vegetable. The crude protein 
content was expressed on a dry weight basis after determination of 
moisture content in a sample (Padhye and Salunkhe, 1977) and by em-
ploying a conversion factor of 6.25. 
Polyacrylamide Gel Electrophoresis (PAGE) 
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Proteins were electrophoresed in polyacrylamide gel (7.5 percent) 
in a phenol-acetic acid-mercaptoethanol-urea (PAMU) system according 
to the procedure of Catsimpoolas et al. (1968). The PM~U-PAGE was 
run for 5 hours at 2.5 rnA per gel (6.5 em long). Acrylamide, 
N, N1 -methylenebisacrylamide, N, N, N1 , N1 -tetramethylethylenediamine, 
coomassie brilliant blue R-250 (CI 42660) were purchased from Eastman 
Kodak Company, Rochester, New York. Urea (ultra-pure) was obtained 
from Schwarz/Mann, Orangeburg, New York. 
Amino Acid Analysis 
A Beckman model 121 automatic amino acid analyzer was used with 
a two-column standard protein hydrolyzate system according to the pro-
cedure outlined in the Beckman manual. The basic amino acids were 
separated on the Beckman PA-35 resin, whereas acidic and neutral 
amino acids were chromatographed on the Beckman UR-30 resin. The 
tryptophan content was evaluated spectrophotometrically (Bencze and 
Schmid, 1957). 
The samples (1 to 1.2 mg) were hydrolyzed for 24 hours at ll0°C 
in a 3X glass-distilled 3 ml 5.7 N HCl, in sealed and evacuated 
tubes. The resultant hydrolysate was lyophilized to dryness and 
dissolved in 0.2 M citrate buffer, pH 2.2. The lyophilized samples 
from the in vitro digestibility experiment were dissolved directly 
in 0.2 M citrate buffer (pH 2.2) and analyzed. 
The amino acid composition was used to estimate the nutritional 
value of the proteins based on the reference pattern of amino acids 
(World Health Organization, 1973). The data were used to compute 
the proportion of total essential amino acids with total amino acids 
in the protein (E/T percent), chemical score, and limiting essential 
amino acids. The biological values of proteins were predicted using 
the M~rup-Olesen Treatment (1976). 
In vitro Digestion 
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The pepsin-pancreatin enzyme system of Akeson and Stahmann 
(1964) was followed as modified by Padhye and Salunkhe (1978). The 
in vi tro digestibility experiment was conducted as follows. The 
lyophilized sample (250 mg) was suspended in 15 ml of 0.1 N HCl con-
taining 1.5 mg of pepsin in a 50-ml Erlenmeyer flask and shaken at 
37°C for 3 hours. The pH of this digest was raised to 8 with 0.5 N 
NaOH and treated with 4 mg of pancreatin in 7.5 ml of 0.2 M phosphate 
buffer (pH 8), containing 200 ppm thimerosal. The mixture was shaken 
at 37 °C for 24 hours. The undigested proteins were precipitated with 
15 ml of 14 percent sulfosalicylic acid. The flasks were shaken for 
another 15 minutes, the contents were centrifuged, and the super-
natants were titrated to pH 2.2 with 6N NaOH. The samples were 
lyophilized and stored at -20°C for amino acid analysis. 
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Pepsin and pancreatin, both of B grades, were obtained from 
Calbiochem, San Diego, California. Sulfosalicylic acid and Thimerosal 
were from J. T. Baker Company, Phillipsburg~ New Jersey and Sigma 
Chemical Company, St. Louis, Missouri, respectively. 
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RESULTS AND DISCUSSION 
The cabbage was either blanched in chemical solution or vacuum 
impregnated in chemical solution prior to steam blanching. Although 
the components of the chemical solutions remained the same, their 
concentrations differred for each of the blanching procedures. The 
selection of the concentration of each of the ingredients in the solu-
tion for blanching was guided by the taste panel evaluations in the 
following order: CaC1 2, NaHC0 3, FLVR, and NaCl . Characterization 
of proteins in the blanched cabbage in this work was thus performed 
on products previously determined as most acceptable. 
Amino Acid Composition 
The crude protein contents of cabbage, cabbage blanched in solu-
tion, and steam-blanched cabbage were 14 . 8, 13.4, and 15.4 percent, 
respectively . The proteins in fresh and processed cabbage samples 
were analyzed for their amino acid compositions (Table 27). It is 
clear from the data that the proportion of most of the amino acids 
remained unaltered when cabbage was subjected to processing treat-
ments in the presence of themical solutions. Significant changes, 
however, were noted in the comparative levels of aspartic acid, 
proline, cysteine, lysine, histidine, and arginine. Glutamic acid 
was the most major amino acid accounting for about 30 percent (by 
we i ght) of the recovered amino acids. Such high levels of glutamic 
ac i d are not surprising, as glutamic acid is an important inter-
mediate in the metabolism of protein and has been consistentl y found 
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Table 27. Amino acid compositionsa of fresh and blanched cabbage 
Fresh Cabbage blanched Steam Amino acid blanched cabbage in solution 
cabbage 
Aspartic acid 12.9 10. 1 11.5 
Threonine 3.4 3.0 3. 1 
Serine 5.0 4.8 4.3 
Glutamic acid 31.1 29.7 30.8 
Proline 9.0 10.7 12.6 
Glycine 2. 4 2.3 2.2 
Alanine 4.3 4.4 4.4 
Cysteine 2.4 2.6 trace 
Valine 4.6 4.8 4.2 
Methionine 4.2 3.3 3.6 
Leucine 4. 1 3. 9 3. 7 
Isoleucine 3. 1 2.9 2.8 
Tyrosine 2. 1 1.9 1.6 
Phenylalanine 2.8 2.7 2. 2 
Lysine 2. 1 3.8 3.2 
Histidine 1.4 0.2 1.8 
Arginine 4.0 7.9 6.7 
Tryptophan 1.0 1.0 1.1 
aExpressed as g of amino acid per 100 g of recovered amino acids. 
t o be the predominant amino acid in other vegetables such as tomatoes 
(Liu and Luh, 1979). Another important observation from Table 27 
includes loss of cysteine residues when cabbage was steam blanched. 
The cysteine level was unaffected in cabbage blanched in solution. 
Destruction of cysteine is the only verifiable parameter to 
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gauge damage of proteins when proteins are heated near neutral pH. 
Other internal peptide links formed are split during HCl hydrolysis 
leaving no trace in the chromatogram (Mauron, personal communication). 
The pH values of the cabbage samples blanched in solution and in 
steam were 7.4 and 6.2, respectively (Table 20). The cysteine content 
of such blanched products may be correlated with the intactness of 
proteins in them. Differences in the two blanching procedures and 
the pH values of the blanched products may explain the degree of 
protein damage, and hence, the differences in the cysteine levels. 
Estimation of Nutritional Quality 
Table 28 presents the estimates of nutritional value of proteins. 
The biological value in human nutrition was predicted based upon the 
regression equation proposed by M¢rup and Olesen (1976). The predicted 
biological values for cabbage and steam-blanched cabbage were similar, 
but the value was higher for the cabbage blanched in solution. This 
suggested that although the protein content of cabbage was reduced 
(as registered by a Kjeldahl method) due to blanching in solution, the 
amino acid constitution from the nutritional point of view was up-
graded. Leucine was the most limiting amino acid in the processed 
cabbage with 47.8 and 46.0 as the chemical scores, respectively, for 
cabbage blanched in solution and steam-blanched cabbage. 
Table 28. Nutritional evaluation of proteins in fresh and processed cabbage 
Sample 
Predicted 
biological 
· valuea 
Limiting amino acids and their scoresb 
First ·Second ·Third 
Fresh cabbage 
Total content 30 . 5 35.4 52.1 70. l 
(lysine) (leucine) (isoleucine) 
In vitro available 57 . 9 36.7 43.0 62.7 
(leucine) (isoleucine) (valine) 
Cabbage blanched in 
solution 
Total content 43.0 47.8 60.8 61.7 
(leucine) (lysine) (isoleucine) 
In vitro available 24.7 39.9 41.4 46.9 
(iso l eucine) (leucine) (lysine 
and valine) 
Steam-blanched cabbage 
Total content 31.5 46.0 51.4 55.1 
(leucine) (lysine) (tyrosine and 
phenylalanine) 
I n vitro available 29. 1 22.6 38.6 40.8 
(methionine and (valine) (leucine) 
cysteine) 
~Calculated according to M~rup-Olesen (1976) equation . 
Based on WHO-UN (1973) provisional amino acid pattern as the reference. 
cE/T % = ( sum of essential amino acids ) X 100 
, o sum of essential and nonessential ami no acids · 
Eb,c 
f% 
29.8 
25.5 
26.7 
26 . 9 
25.6 
19.0 
--..J 
--..J 
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In vitr o Digestibility 
The nutritional value of protein depends upon the pattern of 
available amino acid from it rather than its amino acid content. The 
full potential of several bean proteins is not realized as a portion 
of amino acids in them is not available owing to the resistance of 
certain peptide links to hydrolysis (Romero and Ryan, 1978). The 
refractory nature of the proteolytic enzyme-resistant protein has 
been proposed to reside in its secondary, tertiary, and quaternary 
structures (Padhye and Liener, 1979). Heat treatment (Yadav and 
Liener, 1977) and fermentation (Padhye and Salunkhe, 1978) improved 
the digestibility of bean proteins. It has been reported that the 
utilization of vegetable proteins is also increased by mild heat 
treatments (Salunkhe, Pao, and Dull, 1973). In this work, the avail-
able amino acids were determined in vitr o employing a pepsin-pancreatin 
enzyme system (Akeson and Stahman, 1964). Enzyme hydrolyzed amino 
acids (available) were analyzed for their contents and the undigested 
proteins were precipitated and removed. The compositions of available 
amino acids were subjected to nutritional evaluation (Table 28) and 
the proportion of available essential amino acids was calculated 
(Table 29). In the case of cabbage, the nutritional value seemed to 
be higher for the available amino acid pattern than for the total 
amino acid. Blanching treatments--solution and steam--caused a lower-
ing of protein quality, probably resulting from destruction of certain 
essential amino acids during processing. An ideal protein should have 
an E/T ratio of 36 percent (World Health Organization of the United 
Figure 10. The protein subunit electrophoretic pattern of fresh 
and processed cabbage. 
A = 
B = 
c = 
D = 
E = 
F = 
G = 
Fresh cabbage. 
Cabbage blanched in a solution containing 0.25 
percent flavor enhancers, 0.05 percent NaHC03, 0.1 percent CaC1 2, and 1 percent NaCl. Cabbage vacuum impregnated in 0.3 percent flavor 
enhancers, 0.5 percent NaHC03, 0.1 percent CaC1 2, 
and 3 percent NaCl, prior to steam blanching. 
Cabbage blanched in a 0.5 percent malic acid 
solution. 
Cabbage blanched in a 0.025 percent EDTA solution. 
Cabbage blanched in a 1.2 percent NaCl solution. 
Cabbage blanched in a 0.05 percent NaHC03 solution. 
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and urea (PAMU). The PAMU system was found to be more suitable than 
the one containing sodium dodecyl sulfate (SDS). The cabbage pro-
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teins in the SDS system failed to stack as defined bands. The superior-
ity of the PAMU procedure over the SDS system has be~n discussed 
earlier (Padhye and Salunkhe, 1977) for legume proteins, and a sim-
ilar explanation seemed to be valid for cabbage proteins. 
Proteins in cabbage blanched in solution (gel B) and steam-
blanched cabbage (gel C) demonstrated similar electrophoretic patterns . 
Electrophoretic mobility and distribution of protein subunits in 
cabbage treated with EDTA (gel E), NaCl (gel F), and NaHC0 3 (gel G) 
were similar. 
Fresh cabbage (gel A) demonstrated more numbers of closely spaced 
protein bands with a lower electrophoretic mobility than did the 
processed cabbage (B through G). 
Based upon two-dimensional gel electrophoresis with the PAMU 
system in the first dimension and the SDS system in the second di-
mension, it has been suggested that the mobility of proteins in each 
of these systems depends on a common parameter (Padhye and Salunkhe, 
1979a; Padhye and Salunkhe, 1979b). Mobility of proteins in the SDS 
procedure is governed by log (molecular weight) (Weber and Osborn, 
1969). It thus appears that the proteins in unprocessed cabbage with 
lower electrophoretic mobility in the PAMU system have high molecular 
weights. The change in electrophoretic pattern hence appears to 
emerge from protein fragmentation initiated during the cabbage proc-
essing. The change in the electrophoretic characteristics may also 
result from the change in solubility characteristics and loss of 
soluble proteins. 
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SUMMARY 
The effects of blanching on the quality of proteins in cabbage 
Brassica oZeracea L.) were investigated. The protein content of un-
treated, dehydrated cabbage was 14.8 percent. The cabbage was blanched 
in chemical solution or vacuum impregnated in a chemical solution 
followed by steam blanching. The chemical solutions contained CaCl 2 
NaHC03, monosodium glutamate, 5'-inosinate, 5'-guanylate, and NaCl. 
The concentrations of these chemicals were defined for each of the 
blanching processes so as to yield the most acceptable products. 
Analysis of fresh as well as blanched cabbage products indicated 
that glutamic acid accounted for about 30 percent of the recovered 
amino acids. Steam blanching led to loss of cysteine, the level of 
which was unaffected by blanching in solution. In vitro availability 
of amino acids as determined by a pepsin-pancreatin enzyme system 
indicated that the predicted biological value and chemical score for 
the available amino acids were decreased after blanching. Availability 
of sulfur-containing amino acids was significantly increased when the 
cabbage was blanched in solution. Cabbage proteins were more effic-
iently resolved on polyacrylamide gels in phenol, acetic acid, mer-
captoethanol, and urea system than in the sodium dodecyl sulfate 
system. The electrophoretic patterns for proteins in cabbage blanched 
in solution and steam-blanched cabbage were similar. Proteins in fresh 
cabbage had lower electrophoretic mobility (in the PAMU system) than 
the proteins in the processed cabbage. 
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PART IV 
EFFECTS OF DIETARY CABBAGE (BRASSICA OLERACEA L.) ON THE 
TUMORIGENICITY OF 1 ,2-DIMETHYLHYDRAZINE IN MICE 
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CH 3-NH-NH-CH3 J 
CH 3-N=r-CH3 
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Figure 11. Metabolism of DMH. 
Variations in the diet composition (Castelden, 1977) or the 
schedule of treatment (Pozharisski et al., 1977) can alter the inci-
dence of tumor production with Dr·1H in the 1 aboratory rodent. It has 
87 
been inferred from the epidermiology of cancer that frequent ingestion 
of vegetables such as cabbage reduces the risk of colon and rectum 
cancer (Graham et al., 1978), as well as gastric cancer (Graham et al., 
1967). The presence of different mustard oil glucosides and other 
antimicrobial agents in cabbage has been reported (Virtanen, 1965), 
and their probable interference with or~H metabolism is discussed i n 
this paper. 
The purpose of this investigation was to elucidate the effects of 
chronic ad~inistration of glucosinolates in cabbage on the tumori-
genic activity of or~H. DMH was administered weekly to mice and the 
effects were assessed by physical, chemical, and histopathological 
evaluation. 
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EXPERIMENTAL METHODS 
Preparation of Diets 
Cabbage (Brassica oZeracea L.), the outer leaves of which were 
discarded, was sliced on a vegetable cutter and slicer and dehydrated 
in a tray in a conventional forced air dehydrator at 55°C. On de-
hydration 100 g fresh cabbage yielded 7.4 g of dry product. The 
crude protein content of the dehydrated cabbage on a moisture-free 
basis was 13.6 percent. The dehydrated cabbage was pulverized for 
use in the diet at different levels (Table 30). 
Administration of Diets 
Diets were formulated utilizing a basal diet known to be ade-
quate in nutrients for the mouse. The finely ground, dehydrated 
cabbage was included at 0, 10, 20, and 40 percent (wt/wt) levels in 
the diet. Fiber and protein were adjusted to a constant level for 
the diets, and fed ad libitum with free access to tap water. The 
initial numbers of mice were 103, 68, 103, and 32 for the 0 (basal), 
10, 20, and 40 percent cabbage diets, respectively. 
Animals 
Weanling male C57 BL/6 mice were purchased from Simonsen Labs, 
Gilroy, California, and were housed in stainless steel cages, with 
sawdust bedding, six to eight mice per cage, in a temperature (22 °C) 
controlled room and were provided with 12 hours of light and 12 hours 
89 
Table 30. Diet composition ( g/ kg) 
Ingredients Basal Level {wt/wt) of deh,ldrated cabbage) 10% 20% 40% 
Dehydrated cabbage 0.0 100.0 200.0 400.0 
Casein 200.0 187.6 175.0 150.0 
Dextrose 200.0 200.0 200.0 200.0 
Cornstarch 389.0 311. 1 234.0 79.0 
a.-Cellulose 50.0 40.0 30.0 10.0 
Vegetable oil 100.0 100.0 100.0 100.0 
Vitamin mi xa 20.0 20.0 20.0 20.0 
ca10 (0H) 2(Po4)6 15.6 15.6 15.6 15.6 
Na2HP04 14. 1 14. 1 14. 1 14. 1 
Trace mi nera 1 . b 11. 7 11.7 11. 7 11. 7 m1x 
FeS04·7(H20) 0. 1 0. 1 0. 1 0. 1 
aVitamin diet fortification mixture, ICN Pharmaceutical, Life 
Science Group, Cleveland, Ohio. Mixture contained (in g/kg of 
mixture) : vitamin A, 900,000 units; vitamin D3, 100,000 units; 
a.-tocopherol, 5.0; ascorbic acid, 45.0; inositol, 5.0; choline 
chloride, 75.0; menadione, 2.25; p-aminobenzoic acid, 5.0; niacin, 
4.5; riboflavin, 1.0; pyridoxine·HCl, 1.0; thiamin·HCl, 1.0; calcium 
pantothenate, 3.0; and (in mg/kg) biotin, 20; folic acid, 90; 
vitamin B12, 1.35. 
bMineral mixture contained (in gm/kg of mixture): KCl, 4.9; MgC03, 
2.0; MnS04·H20, 0.211; CoCl2·6 H20, 0.0114; CuS04·H20, 0.0263; 
NaMo04·2 H20, 0.0024; ZnS04·7 H20, 0.628; KI, 0.014. 
of darkness each day. The mice were allowed to adapt to their new 
environment for 2 weeks, after which they were individually weighed 
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and injected subcutaneously with 20 mg or.1H per kg body weight at weekly 
intervals for 36 weeks. DMH was dissolved in 0.001 M disodium (ethyl-
enedinitrilo) tetraacetate and adjusted to pH 6.5 with sodium bicarbon-
ate (Thurnherr et al., 1973). The solution was stored at 4°C and 
warmed up to room temperature (22°C) before use. In the twenty-fifth 
week, the duration of action or "sleeping time" of hexobarbital in 
mice was determined for 10 randomly sampled mice from each group. 
Each mouse was injected with 200 mg hexobarbital per kg body weight. 
Animals which died during the experiment were routinely examined by a 
veterinary pathologist for tumors. After 9 months of dietary treat-
ments the mice were sacrificed by cervical pressure, necropsied, and 
examined for tumors. Organs which showed the development of tumors 
were removed and preserved in formalin for microscopic examination. 
Livers with tumor growth were removed and quick-frozen for determina-
tion of MFO activities. 
Preparation of Tissue Homogenates 
Liver microsomes were prepared by homogenizing the frozen liver 
in 0.01 M sodium-phosphate buffer, pH 7.4. Homogenates were centri-
fuged at 10,000 x g for 10 minutes at soc. The supernatant was 
further centrifuged at 100,000 x g (Beckman 1S-6S) for 1 hour to ob-
tain the microsomes. Microsomal pellets were resuspended in O.OS M 
sodium phosphate buffer, pH 7.4 at S°C. 
The microsomal enzymic parameters were assayed. Cytochrome 
P-4SO was quantitated by the thionite-carbon monoxide method of Omura 
and Sato (1964). t·1icrosomal p-nitroanisole-o-demethylase activity 
was determined by measuring the release of p-nitrophenol (Mazel, 
1972). Enzyme activities were measured in triplicate. 
Electrophoresis 
The microsomes from the livers of mice that had tumors, from 
each treatment, were electrophoresed. The isolated microsomes were 
dialyzed to free them from ionic impurities for 24 hours at soc with 
three changes of distilled water. The dialyzates were lyophilized. 
1. Phenol, acetic acid, mercaptoethanol, urea (PAMU) system: 
Microsomes (200 mg) were suspended in 1 ml of PAMU solvent for 12 
hours and centrifuged. The centrifugates were incubated at 80°C for 
5 minutes and 100 ~1 of each were electrophoresed on the cylindrical 
polyacrylamide (7.5 percent monomer concentration) gels (Padhye and 
Salunkhe, 1977). 
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2. Sodium dodecyl sulfate (SDS) system: Microsomes (200 mg) 
were suspended in 1 ml SDS (1 percent) solution for 12 hours at 37°C 
and centrifuged. A dissociating solution (400 ~1) containing mercap-
toethanol, glycerol, SDS, bromophenol blue was added to the centri-
fugate and incubated at 95 °C for 5 minutes. The samples were 
electrophoresed (100 ~ 1) on 10 percent acrylamide slab gel for 4 
hours at 20 rnA per slab gel according to the procedure of Laemmli 
(1970). Approximate molecular weights of the proteins were determined 
by simultaneous electrophoresis of bovine serum albumin (68,000), 
ovalbumin (45,000), and chymotrypsinogen A (25,000). 
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Determination of Isothiocyanate Content 
The amount of isothiocyanate was measured in the freeze-dehydrated 
cabbage samples and was reported as 3-methylindolyl isothiocyanate 
(Josefsson, 1968). The myrosinase enzyme preparation required for 
the determination was made from yellow mustard seed (r~cCormick 
Company, Inc., Baltimore, r~aryland) according to Appelqvist and 
Josefsson (1967). 
RESULTS AND DISCUSSION 
The change in average body weight of mice in each group is shown 
in Table 31. There was no significant difference in body weight re-
sulting from the incorporation of cabbage into the diets. 
93 
The microsomal hexobarbital oxidase activity for mice on differ-
ent cabbage diets was assayed in terms of sleeping time. The sleep-
inducing drug, hexobarbital, was injected intra-peritoneally into mice 
and the time required to metabolize he xobarbital as indicated by dura-
tion of sleep was noted. The sleeping time data in Table 32 indicate 
increase in sleeping time for mice on a 10 percent cabbage diet. Du-
ration of sleep, however, was reduced when the cabbage level in the 
diet was further increased. Indole compounds present in cabbage were 
expected to induce hexobarbital oxidase . The induction, however, seemed 
to occur only when the diet contained higher proportions of cabbage. 
1,2-Dimethylhydrazine-Induced Tumor Frequency 
Variation in tumor formation (Table 33) with different diet treat-
ments was noticed. No tumor formation was observed for mice which died 
during the 9-month-long experiment. When 10 or 20 percent cabbage was 
introduced into the mouse diet the tumor frequency was higher than in 
the control. It is possible that at 10 and 20 percent levels of cab-
bage, the induced MFO led to the slower activation of DMH and the 
higher occurrence of the tumor . The tumor frequency was lowered to 
15.8 percent at 40 percent cabbage in t he mouse diet. None of the 
mice fed the 40 percent cabbage diet developed multiple tumors. This 
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Table 31. Average body weight of mice in each diet group during the 
experiment 
Time Basal Level drated cabba ea (month) 10% 40% 
0 12.8 ± 0.0 l 0. l ± 0.0 12.2 ± 0.0 10.4 ± 0.0 
l l 5. l ± 0. l 14.0 ± 0.4 12.7 ± 0.3 14.6 ± 0.9 
2 24.4 ± 0. l 24.6 ± 0.8 21.5 ± 0.6 22.2 ± 0.7 
3 25.6 ± 1.2 27.3 ± 0. l 24.7 ± 0.5 24.4 ± 1.3 
4 27.9 ± 0.7 27.5 ± 2.2 27.3 ± 1.0 25.6 ± 0.9 
5 29. l ± 1.8 30.3 ± 0.4 28.4 ± 1.1 27.0 ± l. l 
6 30.3 ± 0.6 30.6 ± 3.3 28.4 ± 1.4 28.0 ± 2. l 
7 31.3 ± 1.2 31.8 ± 2. l 29.2 ± 0.6 28.5 ± 0.9 
8 31.6 ± 0.9 29.6 ± 1.7 30.6 ± 0.8 31. l ± 0.2 
9 31.6 ± 3.3 32.4 :: 0.8 29.9 ± 0.9 29.0 ± 3.5 
aMean ± S.D. 
Table 32. Duration of actiona of Hexobarbital in mice on the cabbage 
di etsb 
Diet 
Basal 
10% Dehydrated cabbage 
20% Dehydrated cabbage 
40% Dehydrated cabbage 
Sleeping time (min/mouse)c 
116.2 ± 75.4 
135.8±51.7 
106.6 ± 34.5 
85.6 ± 25.8 
aExpressed as 11 Sleeping time. 11 An indicator of liver microsomal 
hexobarbital oxidase activity. 
bExperiment conducted after 25 weeks. 
cMean ± S.D. 
Table 33. 1,2-Dimethylhydrazine-induced tumor frequency in mice on cabbage diets for 9 months 
Diet 
Basal 
10% Dehydrated cabbage 
20% Dehydrated cabbage 
40% Dehydrated cabbage 
a(B}_~ X 100. 
No. of mice 
sacrificed 
(A) 
82 
47 
89 
19 
No. of mice 
having tumor 
in one organ 
(B) 
20 
19 
37 
3 
No. of mice 
having multiple 
tumors 
(C) 
5 
0 
4 
0 
Tumor a 
frequency 
% 
30.5 
40.4 
46.1 
15.8 
lD 
(.Jl 
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may mean that the higher induction of enzymes, as indicated by sleep-
ing time data in Table 32, led to the rapid activation of a carcino-
gen. The rapid activation of a carcinogen could result in loss of 
carcinogen species due to nonavailability of critical binding sites 
or due to secondary reactions (Wattenberg, 1975). The data in Table 
34 indicate that the dimensions of the developed tumors were larger 
for the mice fed 10 and 20 percent cabbage diets than those fed 0 and 
40 percent cabbage diets. Thus, the frequency for the occurrence of 
tumors and the size of the developed tumor complement each other in 
supporting the idea that cabbage fed at a high level (40 percent) has 
a protective effect against cancer. 
1,2-Dimethylhydrazine has been reported (Thurnherr et al . , 1973; 
Reddy et al., 1974) to develop tumors of the colon in rodents. Our 
observations showed tumor formation in the kidney, liver, and spermatic 
cord instead (Figure ll ). The absence of tumors in the intestinal 
tract of the mice on the basal as well as the other cabbage diets 
suggests this to be the characteristic of the strain of mice studied. 
The C57 BL/6 inbred mice are resistant to the induction by DMH of 
bowel tumors (Brambilla et al., 1978). The lack of intestinal tumor 
formation has also been reported for germ-free rats wherein the 
procarcinogen of DMH was not converted to the ultimate carcinogen 
of DMH due to the absence of bowel flora (Reddy et al., 1974). 
It has been reported that aryl hydrocarbon hydroxylase (AHH) 
activ i ty of the entire gastro-intestinal tract (Wattenberg, 1971) and 
of the kidney (Babish and Stoewsand, 1977) of the rodents is induced 
to increase by the indole compounds in cabbage. This enzyme provides 
a protective mechanism in the kidney by excreting DMH as a glucuronide 
Table 34. Tumor classification and areas of tumor development in mice on cabbage diets for 9 months 
________ ~-~- Heman~i osarcoma Squamous cell 
Kidne~ [ 1Ver SEermatic cora carcinoma Skin of Diet No. Tumor Size No. Tumor Size No. Tumor Size anal area 
of fre- of of fre- of of fre- of No. Tumor 
mice quency tumor mice quency tumor mice quency tumor of fre-% (mm) % (mm) % (mm) mice quency 
Basal 5 6. 1 2-10 1 1.2 3 19 23.2 4-15 0 0.0 
10% Dehydrated 
cabbage 0 0.0 0 4 8.5 1-4 14 29 . 8 2-10 1 2. 1 
20% Dehydrated 
cabbage 2 2.3 6 6 6.7 1-6 31 34.9 2-15 2 2.3 
40% Dehydrated 
cabbage 0 0.0 0 0 0.0 0 3 15.8 2-4 0 0.0 
1.0 
........ 
Figure 12. Tumor growth in different organs of mice treated with 
dimethylhydrazine. 
A. Spermatic cord. 
B. Liver. 
C. Kidney. 
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(Babish and Stoewsand, 1977). The kidney tumor frequency was 6.1 
percent fof the basal diet group and 0, 2.3, 0 for 10, 20, and 40 
percent levels of cabbage in the diet (Table 34). 
Microsomal Enzyme Activities 
The decrease in hepatic microsomal P-450 (Table 35) and p-
nitroanisole-o-demethylase (Table 36) activities in mice fed with 
40 percent cabbage diet indicated inhibition of the metabolism of 
DMH. Such inhibition might have affected the conversion of DMH into 
its procarcinogen, limiting its ultimate carcinogenicity. The mice 
fed 10 and 20 percent cabbage diets, on the other hand, showed the 
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presence of higher frequency of tumor development. The region of the 
spermatic cord seems to be the most susceptible. The mice in all the 
diet groups developed tumors of the spermatic cord, although the fre-
quency of occurrence varied from 15.8 percent to 46.1 percent. 
Table 35. Effects of dietary cabbage on hepatic microsomal cyto-
chrome P-450 content in mice on cabbage diets for 9 months 
Diet 
Basal 
10% Dehydrated cabbage 
20% Dehydrated cabbage 
40% Dehydrated cabbage 
aMean ±S.D. 
Cytochrome P-450a 
(nmol/mg microsomal protein) 
0.39 ± 0.02 
0.68 ± 0.02 
0.31 ± 0.02 
0.20 ± 0.02 
Table 36. Effects ofdietary cabbage on hepatic microsomal p-
nitroanisole-o-demethylase in mice on cabbage diets for 
9 months 
100 
Diet wmoles p-nitrophenol/hr/100 t . a mg pro e1 n 
Bas a 1 
10% Dehydrated cabbage 
20% Dehydrated cabbage 
40% Dehydrated cabbage 
aMean ± S.D. 
13. 1 
33.4 
30.2 
11.0 
± 0.5 
± 0.8 
± 0.9 
± 0.7 
The striking variation in the microsomal enzyme activities in 
livers of mice on different treatments was not indicated in the pro-
tein subunit composition. This is suggestive of the fact that the non-
enzymic proteins form the bulk of the microsomal proteins. Electro-
phoresis, thus, seems to be an insensitive indicator for the enzyme 
activities in the isolated microsomal fraction . 
Isothiocyanate Contents 
Nine-month feeding studies have indicated levels of mi xed 
function oxidases in the livers of mice. Such variation may be due 
to the differences in the enzymatic degradation of glucosinolates in 
cabbage. The concentration of 3-indolylmethyl isothiocyanate in de-
hydrated cabbage was 8.8 mg percent. Further calculations indicate 
that with the average consumption of 5 g diet per day, mice in 0, 
10, 20, and 40 percent cabbage diets were exposed respectively to 
0, 2:3, 4.7, and 9.4 wmole of 3-indolylmethyl isothiocyanate. It is 
possible that the metabolism of the isothiocyanate may depend on its 
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own concentration. I t is likely that at the higher level (9.4 ~mole 
per day) the isothiocyanate was degraded to form 3, 31 -diindolyl-
methane and at the intermediate levels (2.3 and 4. 7 ~mole per day), 
formation of indole-3-carbinol was preferred. Indole-3-carbinol 
(up to 100 ~mole) has been shown to have a more pronounced effect 
on the induction of liver microsomal enzyme than 3,3 1 -diindolyl-
methane (Loub, Wattenberg, and Davis, 1975) . 
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SUMMARY 
Diets containing dehydrated cabbage (Brassica oler acea L.) were 
fed to weanling male C57 BL/6 mice for 9 months. Diets known to be 
adequate in all nutrients for mice were modified to include ground 
dehydrated cabbage leaves to 0, 10, 20, and 40 percent of their diet 
while holding protein, crude fiber, and lipid at constant levels. 
The animals were subcutaneously injected with 20 mg of 1,2-
dimethylhydrazine (DMH) per kg body weight at weekly intervals for 
36 weeks. DMH carcinogenicity varied with the proportion of cabbage 
in the diet and the tissue. Diets containing 10 and 20 percent 
cabbage enhanced DMH tumorigenicity while cabbage at 40 percent pro-
vided a protective effect. Tumors on the spermatic cord were the 
most predominant with occasional occurrence of kidney and liver 
tumors . Tumorigenicity is discussed in terms of hexobarbital 
oxidase, cytochrome P-450 and p-nitroanisole-o-demethylase. 
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CONCLUSIONS AND COMMENTS 
Inferences drawn from the first phase of this study indicate 
that improvement in quality attributes of processed cabbage can be 
sought by selective use of treatments and of ingredients to be in-
corporated. It must be confessed, however, that even the most pre-
ferred processed cabbage was ranked lower than the freshly cooked 
cabbage . The addition of myrosinase(s) before serving the preserved 
cabbage improved its cabbage flavor strength, but the flavor appeal 
remained inferior to its fresh counterpart. The literature pertain-
ing to the volatiles in cooked cabbage has defined the constituents 
of desirable and undesirable aromas. The principal flavoring 
principles such as allyl isothiocyanate can be microencapsulated. 
The addition of a powder containing flavor enhancers, encapsu-
lated myrostnase(s), and encapsulated allyl isothiocyanates to cooked 
cabbage before serving is a conceivable proposition. Enzyme(s) from 
all related vegetables have similar action and, hence, can be iso-
lated from any low-cost value source. Further explorations are 
necessary to determine the validity and practicality of this approach 
to improve the flavor of cooked cabbage. 
Maintaining a firm texture of the processed cabbage is another 
area in which an answer is needed. Treatments required to inactivate 
peroxidases invariably led to the loss of cell integrity and crisp-
ness. If the energy required to inactivate notorious enzymes is 
reduced by some physiochemical means, nutrient and textural losses 
might be minimized. Textural alterations need to be investigated 
microscopically and histologically. 
107 
Biological data such as PER are needed relating &n vivo avail-
ability of proteins and other nutrients to different processing con-
ditions. The increased availability of sulfur containing and aro-
matic amino acids in solution- and steam-blanched products, respectively, 
needs to be verified by animal experiments. 
Our investigations have indicated that at normal levels (under 
10 percent) of cabbage consumption, the activity of intraperitoneally 
injected tumorigens was potentiated in mice. The results need to be 
established for orally fed carcinogens. Elucidations of the metabolic 
fates of different tumorigens at their varying levels in different 
laboratory animals are essential before conclusions can be reached. 
Our investigations showed that tumor occurrence was proportional 
to the activ i ties of mi xed function oxidases. The hydrolysis pro-
ducts of indolylmethyl glucosinolates induce the oxidases which, in 
turn, appear to enhance tumorigenicity. If biosynthetic pathways for 
glucosinates are traced, it may be possible to screen cabbage varieties 
which have a block so as to prohibit indolylmethyl glucosinolates. 
Such blocks may divert precursors to their formation, mainl y meth-
ionine, to protein synthesis, boosting sulfur containing amino 
acids of cabbage proteins. 
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